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DESCRI PTION Titl e of Inventi on REGENERATED HYDROTREATMENT CATALYST
Techni cal Field 5[0001] The present invention relates to a
regener at ed hydrotreat nent catal yst having superior catal yst
performance for treating a petroleumfraction. Background Art [0002]
Sul fur-contai ni ng conpounds, nitrogen-containing conpounds, 10
oxygen-cont ai ni ng conpounds, and the |ike are contained in crude
petroleumas inpurities, and as tDESERDPEIMNracti ons obt ai ned
through a step such as distillation fromthe crude oil, the contents
of these inflitletofdmventioreduced by a step of bringing the fractions
into contact with a catal yst having hydrogenation activity in the

presence of REGENERAJED) HYOROIRBAIMENT GABAT NSRS

hydrotreat ment. Desul furization, for reducing the contents of the
sul k- cont ai Meohnicah®ieldls, is especially well known. Recently, in
ternms of reducing environnental |oad, there have been stricter
denmafids f or [@A0k]r dlhkei present rievention relates dot 2 megendratadh hiydroeatment

i ncl udi ng sul fur-containing conpounds in _20petrol eum products, and a
| ar ge nunbecatalystohavdngesupesiorf catalyisé oerfomasicsufarpireaiing 2 petroleimg
manuf act ur ed. {_0003] After a hydrotreatnent catal yst used for

hydr ot r eat 10N. a petroleumfraction is used for a certain period
of time, its activity is |owered due to the depasition of coke or

sul fur conpBaekground Ant |ike, 25and replacenent is therefore

carried out, Especially due to the increase in demand, for
"sul fur-frek0 tgﬁf g QOT%P@}FQ‘%% dHRgeRRONEaINIngG carapands,t v

is required in hydrotreating facilities, fgor petrol eumfractions such
as iér 0s eneOXYESISONtHANE LOMPP »ofhd &ﬁ E e ARG &padainedeIn crude
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with a catalyst having hydrogenation activity in the presence of

15 hydrogen, the step being referred to as hydrotreatment. Desulfurization,

for reducing the contents of the sulfur-containing compounds, is

especially well known. Recently, in terms of reducing environmental

load, there have been stricter demands for controlling or reducing the

contents of impurities including sulfur-containing compounds in

20 petroleurn products, and a large number of so-called “sulfur-free”
petroleum products are being manufactured.

[0003] After a hydrotreatment catalyst used for hydrotreatment of a

petroleum fraction is used for a certain period of time, its activity is

lowered due to the deposition of coke or sulfur components and the like,

25 and replacement is therefore carried out. Especially due to the increase

in demand for "sulfur-free" petroleum products, a greater hydrotreating



10[ 0005] [Patent Literature 1] Japanese Patent Application Laid-open
No. S52-68890 [Patent Literature 2] Japanese Patent Application

Lai d-open No. H5-123586 Summary of |nvention 15Techni cal Probl em
[0006] In the use of a regenerated catalyst, if the activity of a
hydr ot reat ment catal yst coul d be nuaintai ned even when hydr ot reat nent
and regeneration are perfornmed several tines, the nerit in using a

regener at ed «gphbilitgtisf @buivedr ©f hgdidmaitingh &lailifies fer petrdl@umefatons

20 "regenerated hydrotreatnment catalyst” or sinply "regenerated

catal yst") istichuag Hesrosdres, egae @il Howewatuumn ghbeoil e gehiehain@aagds the
spent catal yst for hydrotreatnment (hereinafter, referred to as "spent

hydr ot r eat r fesjuetielyaby &hthl%st plademénip eosultiagainy hicreasddheatalyst costs

regeneration can recover the catalytic activity in ternms of coke

deposi ti on winided gireatensmoiint b veaste eatabpdtor | owering the activity of
the hydrotreatnment catalyst, but the regeneration itself may cause
the catal yti[6084] AS aycdumtdrenéasuee cd regénerhtest omabyst tregenetated tfyom a
after regeneration may depend on the history of use before

regener at i orspent doneotreaionentecatatisst snpartiadlyl iked innthesbefaefldies (Bor
regenerated catal yst, especially a regenerated catal yst which has
been regenerexaaiplapsed Patent Lnteratideed amct 2l ways exhibit stably 5
sufficient activity Al so, there may be cases where it is necessary to
sel ect regedeitatiponliséndi ti ons according to the history of the spent
catalyst. In the case where a regenerated catalyst is proven to have
| ow acti vi t yPafenédiferaturet r eat ment operation is initiated by packing
a hydrotreatnent facility with the regenerated catalyst, it _is ver

10prlébl ermat i[0B&L ERafent Eﬁter@wmth]dﬁp@nesmBatanéa&pﬁmatyp'eé@i@mp@n ol

feed stock, and so 8n are necessary [0007] The present invention has
been made t(S5s?068§9 he above-descri bed problem and an object of the

present invention i thus tqQ_provide a regenerated gatalyst havi
excel | ent di@@tqﬂﬁr h—é@rﬁ%ﬁe 1%*1cgﬂpﬁ§ﬁearéﬁt§n RB c@monak@é&nm 2[8[0«

petroleun1p&ggﬂé§§ sing the sanme. Solution to Problem[0008] To
solve the p ove, the present invention provides a

regener at ed drotrea nt gatal yst regenerated from a hydrotreat nment
g g]a/mmary oi' Tﬁven on y g y

15 Technieal Problem
[0006] In the use of a regenerated catalyst, if the activity of a
hydrotreatment catalyst could be maintained even when hydrotreatment
and regeneration are performed several times, the merit in using a
regenerated catalyst for hydrotreatment (hereinafter, referred to as

20 “regenerated hydrotreatment catalyst” or simply “regenerated catalyst”)
is further increased. However, in the regeneration of a spent catalyst for
hydrotreatment (hereinafier, referred to as “spent hydrotreatment
catalyst” or simply “spent catalyst”), the regeneration can recover the
catalytic activity in terms of coke deposition which is one of the causes

25 for lowering the activity of the hydrotreatment catalyst, but the

regeneration itself may cause the catalytic activity to be lowered.



20 catalyst for treating a petroleumfraction, the hydrotreatnent
catal yst being prepared by supporting nol ybdenum and at | east one
species selected fromnetals of Goups 8 to 10 of the Periodic Table
on an inorganic carrier containing an alum num oxi de, wherein a

resi dual carbon content is in the range of 0.15 mass%to 3.0 nmass% a
peak 25intensity of a nol ybdenum conposite netal oxide with respect
to an i nt en$urthesmorepése apidelty iafidrrepbaeraigenely Qepghd onltheOhistorgn
X-Ray diffraction spectrum and a peak intensity of a Md-S bond
derived fromfansediedord regedaratiprakegendratienprethods,amd rthenlikey anfl a
base peak is in the range of 0.10 to 0.60 in a radial distribution
curve obt ai tieeteforepaacgEntrabethdatdly sty esieodalpy aaegeneratest catalystavhich
(EXAFS) spectrumof an 5 X-ray Absorption Fine StructureﬂgéAFS)

anal ysi s, ahdstheenpregenaratady emliiple dimespdoes dest alwaygeexhibiedstably
hydrotreatment _catal yst regenerated froma hydrotreatnent catalyst
for Oreati nguffigient activityf Also; theret mayhper casesawherst ifc i negessapitog
prepared by supporting nplybdenum and at | east one species sel ected
from met al sselecregpaemtiony conditipnst acherdiagi tditkhe Thistasyoaf dhe spent

i norganic carrier containing _an alum num oxi de, wherein a residual
carbon cont eatalyss. I the ase Ndierera megemensted watalyst & provenw tonhgee kow
intensity of a pol yhdenum conposite netal qxide with r&sgect t.o an

i ntensity oRCBVKEsallgeak hydiofreahment rperation. &0 intiated 0by npagkirgRray
diffraction ,spectrum and, a_ratio of M3 is in 15 the range, of 77%
to 99%in ahy&qtagatm&r acibity newith et mRgenerafed ( s dbelst rBof

an X-ray absorption, fjne structure gnalysis. [0009] The present
vt i on_ apEePlemBicibecay d&dBPtlﬁﬁrRﬁsfb&TﬁéafﬁbefgﬁéPﬁﬁﬂafrﬁlbpﬂdﬁ@ds,
wher ei n hydr ot eatagnt of a petroleumfraction is perfornmed using the

r egener at edSi3P 8E Qt?%fﬁe]é 3PPt of the Ipresent (ZjOi nventiog.

0010] | i iti
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hi ghly pracgéolﬁgl manuf act uri ng process can be realized using a
regener at ed atal yst which has sufficient activity and is

| ow pri ced Sgi?ﬁ{}gégmﬁgwre of petrol eum products, and is very

useful for cos n, reducing the anmount of discharged waste,
3o oL AL Tol0k 08,50 A 088 AL Sk paices o
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20 catalyst for treating a petroleum. fraction, the hydrotreatment catalyst
being prepared by supporting molybdenum and at least one species

selected from metals of Groups 8 to 10 of the Periodic Table on an

inorganic carrier containing an aluminum oxide, wherein a residual

carbon content is in the range of 0.15 mass% to 3.0 mass%, a peak

25 intensity of a molybdenum composite metal oxide with respect to an

intensity of a base peak is in the range of 0.60 to 1.10 in an X-Ray



Fig. 2 is a drawing for explaining an XAFS analysis nmethod. Fig. 3 is
a drawing for explaining howto determ ne a M-S bond strength.

15Fig. 4 is a drawng for explaining howto determne a ratio of
Mb03. Description of Enbodi nents [0013] Hereinafter, preferred

enbodi ments of the present invention will be described belowin
detail. [0014] (Hydrotreatnent catal yst) 20An unused hyt hotreat nent

catal yst (heliffragidrespedieies aad 4 peds irtensise dfcaMidBbond derived from
corresponding to a regenerated hythotreatnment catal yst of the present

i nvention i mclesithml atilfuepebkonithapssdot so 20l ietdradty oDabase pesk éf in the
G oups 8 to 10 of the Periodic Table, and nol ybdenum (hereinafter,
these are caohhgetdfv@llY) tefle60dd &aadial"distriibatiomtalryy. obtabied Gamldn
or 25nickel is preferable as the nmetal of Groups 8 to 10 of the

Peri odi ¢ TalxtendedaXtrayr Atisokgfion Simer Strpckirer @KATF S dpectivait of san
especially preferable. The netal of Goups 8 to 10 of the Periodic
Tabl & and no{+yrayeAbsonptyorbeFines (nidtue W XUAES) admalgsisprands élei present
conbi nation of at |east two species thereof. Specificallly,

nol ybdenum dovetition nmallsd dgrromidesckal | regeingtated unhyditodiaatmetk el catalyst
the like may be preferably used as the 5 conbination of the netals.
The Peri odi ¢egemdratage Soombadhydrasreatinent heatalysy-fosr ireging odli petralblim
defined by the | UPAC (I nternational Union of Pure and Applied )
Cheni stry) . frantisy, thee hyliotngatment catalyst beingapyepared gﬂi supposing
active nmetal is_supported on an inorganic carrier, containing alum num
oxi de. Pref @lekbdenom radmidsagronmepedies gelected: fiom enclabmhohGrongs 8
al unmi num oxi de_may _i ncl ude, alum_na, alum na-siligca, alum na-hboria,

al utiha-tit i B0 af dkenReriodionlable apnnanalnpigaisi garrier containing an
alum na-silica-zirconi alum na-siliga-titania, and g cartier

obt ai ned by SAENIRIFN Oidls, avhien, & tesidvd e aratathﬁeaté%ﬁ@ofbﬁdrme of

o, R S R el e P b o
S W IR T e
of at | east ope, snef ss (ool ey; cobal 4 andl on i ekel ) pebest &d
15 the range of 77% to 99% in an X-ray Absorption Near-Edge Structure
(XANES) spectrum of an X-ray absorption fine structure analysis.
[0009] The present invention also provides a method of manufacturing
petroleum products, wherein hydrotreatment of a petroleum fraction is
performed using the regenerated hydrotreatment catalyst of the present
20 invention.
[0010] In the method of manufacturing petroleum products, conditions
of the hydrotreatment of the petroleum fraction should preferably be a
hydrogen partial pressure in the range of 3 to 13 MPa, LHSV in the
range of 0.05 to 5 h™, a reaction temperature in the range of 200°C to
25 410°C, a hydrogen/oil ratio in the range of 100 to 8,000 SCE/BBL, and

a boiling point in the range of 130°C to 700°C of the petroleum fraction



20G oups 8 to 10 of the Periodic Table as an oxide, on an inorganic
carrier, based on a total mass of the catalyst. [0017] Al though a
precursor of active netal species used in supporting the active netal
on the inorganic carrier is not specifically limted, an inorganic
salt, an organic netal conpound, or the like of the netal is 25used
as the precursor, and a water-soluble inorganic salt is preferably
used as t heusedasranodil fdedsioplrti ng process is preferably perforned
using a solution, preferably aqueous solution, of the active netal
precursor. RAdvenagepustBffestsfiivengion ocess adopts publicly-known
met hods such as di pping, inpregnation, and co-precipitation. [0018]
The carrier [00811hilde phesemtt inventiehaprevidesirther effscis ippwhicd a highly
calcined preferably in the presence of oxygen after being dried, and
it is prefepanttecal manufiectarngy provesal capde esalized ishlg madegéneratedn
oxi de. Furthernore, before petroleumfractions are hydrotreated, a
proc8ss of wcatalyst twhichcthase suffiglentnaotisityulanddeist Aowupticed s fiof i tieng
treatnment called presulfiding is preferably perforned. 10%3019]

(Hydr ot r eat meanufpearesof petralewnr groductsenangr tic seryofuspilr dbeupost
fractions, a catalyst filled into a facility is preferably subjected
to a presul tedueiipn,r exeduweing pither amounthyef otdischargnd rwastei omakingg
a sul fur coppound to thereby make an active nmetal species into a
netal sul fi dydrasegomart of paialganm fraciers afficignh gndsePri ons are not
specifically limted, the presulfiding treatnment is preferably

per f or med i#rs@ﬁneacmmﬁmmmawangm fur conmpound is added to an oil

f eed stock I hydrotreat ment of petroleumfractiaqns, and the

r esgpt ant nfﬁﬁﬂzfeﬁ% qdfﬁnﬁ drsing Immgwngwé@ﬁﬁgﬁzmlmthem@sence
regener at ed ca&)al st gnder conditi,qns in which the 20 tenperature is
in the rang®t @ S@é@? A $OMPOSQNXIAS. 1 to 2 If', the pressure is set

equal to th of . hydr ot r eat.nent ,. and t he,treat t.times [ s 48 hours
oo o ThEiGt i JeoHL Fer Stilafing AEARY BRaRETREIods not
specifically.ligited, ,but.preferably. includes, dijethyl

d sul 1 de( DK 3 1 GB%WH&J&IPFC@{I% B9Vt deerine, aMa-S,bgnd
added in an %Sa unt of 1 nass% based on the mass of the oil feed

st ock. [002§ eIf’E@Loperati ng conditions for hydrotreatnent of

L s e L
t E E §fys§f%ss}w§'g§??’??@&?>ﬂiﬁleeﬁ¥“a?2; “however. it i< desirable that
e s PRI Rl pRcatde AR PPN BRaES D DI
typically %E%sbfib@&%%lé\!v%t&tgi‘f.ep the sulfide state.

[0014] (Hydrotreatment catalyst)

20 An unused hydrotreatment catalyst (hereinafter, referred to as “unused
catalyst”) corresponding to a regenerated hydrotreatment catalyst of the
present invention includes at least one species selected from metals of
Groups 8 to 10 of the Periodic Table, and molybdenum (hereinafter,
these are collectively referred to as “active metal”). Iron, cobalt or

25 nickel is preferable as the metal of Groups 8 to 10 of the Periodic Table;

cobalt or nickel is more preferable; and cobalt is especially preferable.



[ 0022] The hydrogen partial pressure at an inlet of a reactor in the
hydrotreat ment process is preferably 3 to 13 MPa, nore preferably 3.5
10 to 12 MPa, and particularly preferably 4 to 11 MPa. |If the
hydrogen partial pressure is |less than 3 MPa, coke is nore actively
produced on the catalyst, and the life of the catalyst tends to be
shortened. On the contrary, if the hydrogen partial pressure exceeds
13 Mra, the Thwnsietdl ofoBrewss 8t 10 ofdleé PerfvdipeTallaeial niglgbdehigs
may be increased 15and is thus economcally infeasible. [0023] The
hydr ot r eat mendy peogspsactivglybaesatbalopered useden ¢hmbgatitd ofms leastwiiah
LHSV is in the range of preferably 0.05 to 5 h-1, nore preferably 0.1
to 4.5 | c% apdeiesrthiecedfaSpecpiiedlty, abbyytdehtm-cbbhlt] molybddBum-nitleds
than 0.05 111, the construction cost for a reactor beconmes 20 too

hi gh and i s mblbelfeane-eobalimickel, yaridflealikelmay Ge prefecablyrueyd, ad the
LHSV is greater than 5 13.-1, an oil feed stock may not be

suf fiski ent | gomhinationav£the poetalks, Tiiee Peyiddig dadie aescdbed ihmrein is the
tenperature in the hydrotreatment process is preferably 200C to 410C,
nore pref er dbhg-fepagpemnodeoable dafided dnt ﬂmJITd'Bl%C inteenaitongal 150iont of
395C. If the reaction tenperature is |ess than 200C, an oil feed

st ock t ends Pugelandi Applied Ghemisgry)hydrotreated. |f the reaction
tenperature is higher than_410C, it is undesirabl e because the yield
of a target [0P8i$hdheunuped watalysis &l adeatalystdn widele be activenmesabimt
of by-produced gas. [0025] The _hydrotreat nent process may, be

per f or med uSdBpOrted orpag dRETgand® SarmieheontRiningyeduaaRmopxideaPrefarsed n
the range of 100 to 8 otgo SCF/ BBL, nore preferably 120 to 7,000
scr/l8BL, an&xpamles Whiihy prasganispicarrien contEnme alomiom oxidenmay
hydrogen/oil, ratio is |ess than 100 SCF/ BBL, coke i$ pr;ijuced on the
catal yst at B¢luggt | &futsing, he 2hEpmasilicenysalypypg c #lumjra-titania,
In contrast, .if.the, hydfogen/oil ratio 10exceeds 8, 000 SCE/ BBL, the
const r uct | oREYIAFHCORIA, ey c| HUBYRAIBAEBFSBe c o e SlUBH S LICa-ZiHEAR1S,

t hus econom cal Ly i nfeasjble. 026] Al though . the reacti.on type,in
e hydr of  EIHEA-SHGEaLaiRsaud e CAseier abCeg BY Addsis, ipo alimin, o
typically selected fromvarious typ of propcesse uch .as fixed
bed and & mBOTS BROFEFIE coupaing Ofsvatipds BRes, vl ol minfraly ek as

0 O955° | BaShEL et 88 kS8t PASLSAE e B 08
) BB L L e
preter sl 138169 T30y R g Rrably 140 BeSB05upBlng 19 5,
i sti 1]t ol RS AONERILBUBHLLIAN 335 Snlfof ZYRESOX U TIBAIBIE

reaction is~carrie a gaseousS phase, an € cat'a

t hi bi t o [1€1 : { t | Y
foed stock ARSISE Whe R, ory s g ortnickeD SfeCRl frBEY fhe g 6L
usegyq the ceRigepl Pfo 1 @01The PRARRE TabRVEaR Dx88 0 HR iRbfanic carrier,

based on a total mass of the catalyst.

)

[6017] Although a precursor of active metal species used in supporting
the active metal on the inorganic carrier is not specifically limited, an
inorganic salt, an organic metal compound, or the like of the metal is
25 used as the precursor, and a water-soluble inorganic salt is preferably

used as the precursor. A supporting process is preferably performed



contained in the oil feed stock with respect to the catal yst becones
great, reducing the life of the catalyst significantly. Al though

ot her properties of petroleumfractions used as the oil feed stock
are not specifically limted, representative properties are as
follows: density at 15Cis in the range of 0.8200 to 0.9700 g/cnB;
and sul fur content is in 5the range of 1.0 to 4.0 mass% [0028]

Sul fur cont esingresnsolatioantmeterablys Wdusoushischition, nefistheedctive onmbtalg
to "6. Energy-dispersive X-ray fluorescence Metod” of "Crude G| and
Pet r ol eum Prpoeeuxser. Pe¢ferablyatthe nsuppdatingu pr&&sSeaddpmegubﬂcbnkﬂbﬁ'nK
2541-1992. Distillation test neans a test carried out 0 according
to "6. Detemnethadssnchfas@ippirlg, amipregtiomdrel ¢sprecpiatiBaduced
Pressure” of "Petrol eum Products-Determ nation of Distillation

Char act er i s{0058] ddvei cadieir ror) wéhish 226 ActiDensietal ptectfOrnsasupparted is
density neasured according to "5. Gscillating Type Density Test

Met héd" of ‘talaided pecfeotllynindhe presemteoforygenafter beirgdried, and it is
Determ nation of Density and Petrol eum Measurenent Tabl es based on a
ref erence t priglerabler that18e) acdet i metali speriss Ks A2vsd. mpade2isfo an oxide.
(Regeneration process)_ The facility for perform ng regeneration to
produce a r & g, baforeyprtroleuny fragsienstarediydrotieatads & precess of

regeneration iis preferahly 20 perforned_in another facility

di ffering fieakingethey active aaetad ninte =& isulfige rthroygh mopelfidingatesiznent
That is, the fegenergtion s naqt rforged in a state in which the
cat al yst iscgflﬁguﬂ%@b@mg F%Plffé\e@%ﬁfé@@f -t he hydr ot r eat ment
facility fo eym fractions, but the regeneration is preferably
per 18 med i io‘gﬁ@&%y PrIR8Stat al yst is renoved from 25t he

OO, AR ALY Pl S BRE] BAbEoel SohBITSEE 458
regener st o0 LS Vo PTR80S bt BRERS PRSP
ey s e PACORER S BB B A
e ol ML LSRR 10,7 e L
o387 O A AT Ry SR el
R S S S e A
400C 11 @ SUOSIARAhl ¥ SN Y9BAALH £6 Rl AIPRRNE Bk [ 55 UK SreBment

nitrogen atnosp 1"nNg” process may be

usi ng a net ped .ot ol eani ge ol h@gﬂgg@%@i&ﬂﬂg@% {%ﬂ!ﬁ%ﬁgﬂfoﬁéhta

met hod of rendving ol'l conponen eam ng. O

regeneratio r f fadizis

re?mvi ng deg‘ggi ‘%tggﬁ(gto éﬁl gteﬁ@éj\é n%%%%gﬁ%l@%ﬁ%elﬁ %ﬁplh%gg 1@3” ea 1‘ihrﬁfg
t hepgpent c @i r 0 raf er -B to
ShoRen: o BEbSAR i MBShaRl'ar o030 DRSS SERA e

400C in an BrAREROR &t@u%t&ﬁﬂfgﬁfﬂpﬁrﬁgﬁ??%agg tthréé\’%@?glﬂtﬁﬁ%ﬁ R

exanple, in‘the air, a especi al | air.

heating tenpgrighwiseor fndredhet fiafut BSmpdRld AddBd td ﬁﬁ@%ﬁfé&@s%dckeis

removal of substances, such as coke and sul fur conponents whic

det eri or at eflot heheefiGAlly | Britdd, Vbl preSadbhptinchudts eifeghyl didulfide
performed, a deCrease i'n a peaR intensity of Md-S bond of nol ybdenum
sul fide (DMDS), hydrogen sulfide and the like, and is preferably added in an

25 amount of 1 mass% based on the mass of the oil feed stock.

[0021] The operating conditions for hydrotreatment of petroleum



25tend to be small, and a ratio of nolybdenum oxide tend to be snall.
On the contrary, when the heating tenperature is higher than the
upper limt tenperature, the activity of a regenerated catal yst
obtained tends to be | owered because an active netal in the catalyst
forms a conposite nmetal oxide and causes aggl onerati on. [ 0033]
Furthernore, the tenperature of the regeneration process 5
preferably fleddtions drei motaspectitallyr Hinited. (Ryye nanualé quantty efthe sulfur
calcul ated below in addition to the above-described tenperature
range. That dosppoined pueHedse DN masmber added to theroil deadblisjook for the
range of T1-30C to T2+30C, wherein Ti and T2 are determ ned by
subj ecti ng thhepesent dloving tet active omtal gpecies ofithe evataiyshto kieep s
anal ysis, 10 converting differential calories observed in a
nmeasuri ng t emitdatstate; haveeverf it 30desinatileothatt the wilfifrecempesnidnis not
el ectronotive force, then differentiating the differences in
el ecty onot i \addedrpasticularly beocauseptbe sulfie commpbund whink hesealtassty been
extreme val ue and the second snallest extrene value, and taking the
t enper at ur e containedondthegoilofeedestoals typicadlyemakiesdt ppssibde torkeapethe
| ower -t enperature range as Ti and the tenperature corresponding to
the extrene subfidestaeated in the hi gher-tenperature range as T2. By
setting the regeneration tenperatuye to the predeterm_ned tenperature
range above,[OOEZfsTléfaéwdﬁ@g%mﬁ@tl fwessiee deaneidet Ph 2 reagtor da the
oxi de state by use of t 20 catal yst, .and i{ |

iz el Fb i e il 4339 e el g
O 1 ot Wi i i i
e S S i
| ower, and tH I r : .

> hour s o oRGERY E F’?ﬂlﬁéfﬁﬁ@%ﬁgeﬁ; St g su el ﬁéﬁ?&@ﬁ’%ﬁ i
o lecs. tnapoBBURHER oot SBEH sbeRlon i BRfnbral HRLER A e Bbpafet
SR LY, Sl B SeoRthi I HIRAARRES, and Lne 1 ke tend notTto be
content 1 RO Lobhgr BYARPwedtiRnty Vvt nbed b8, BREp R Bide "the
eQEner ) o kGG i SCH EFAN s Oy TR BF pRLARRG DOreiq 5 7,
or of erabl y T RRIRY L ol bl ARG AR BRI 2T A,

articul arl 104 oot RS -
Pontent 15 120Pd. & Rttt D055 LRE cobfructibn, bt M5 B AL B nes

hi stgyy duritpg KiBf 48998hatdBre REOAGATCAIDy GARSAIINE! IO tAB! Rrftrdr, e
aggl onerated, and thus, the activity of the regenerated catal yst

tends to be JIIqRRF ¢l orédtef Wis S5h', ialh bilefde@SSdR! mag” RONDE ARifERterithy
greater than 3.0 maSs% the carbon bl ocks active sifes of the

catal yst andyideetrehtede the activity of the 20 regenerated catal yst
tends to be lowered. "Residual carbon" described herein is carbon
(coke) renui[00n4] Thd hediegangiont fshctivnetothbeRithRy i aHS 8/ EbteathBat
spent hydrotreatnhent catalyst, and the residual carbon content in the

regener at ed prycestisqaefmablye200tQ b 410°Creasts peeferatly P208C to 4002C,
and Coke- I\/Eggani cal qﬁI\/‘Et hods)cf or Utimte P

25 and particularly preferably 250°C to 395°C., If the reaction temperature

-

(€

C

is less than 200°C, an oil feed stock tends to be insufficiently



25Anal ysis" defined in JIS M 8819. [0037] In a spectrum obtai ned by
subj ecting the regenerated catalyst to an X-ray diffraction

anal ysis, a peak intensity derived froma nol ybdenum conposite netal
oxi de, which includes nol ybdenum and at | east one species sel ected
frommetals of Goup 8 to 10 of the Periodic Table, has a lower limt
of preferably 0.60 or higher, nore 5 preferably 0.70 or higher, and
particul ar | hyilgfrekril Hf%%5réﬁcti%9?&hge19a?ﬂré1@§ Hph&PRREn |4 10°C,0ft is
preferably 1°10 or lower, nore preferably 0.90 or |l ower, and

parti cul ar | yindle§irghRObacais8IheryitRIef a ﬁé&'%éi refeRrdddil 19 debRaked el foy

of a base peak. If the peak intensity is Tess than 0.60, it is

undesi r abl eaheigametiﬁqh@éhﬁmﬂt@fby_ptmde@g@@rat ed catalyst is 10
insufficient to reduce the activity of the régenerated catal yst; and,

if the peak [002&)hsThy hydgstesdtatent hprodesiOmdy bs pérdormoadeshdabl the
because nol ybdenum conposite oxi des aggl onerate to reduce the

actidity of cohditicuehemdtield achydiopget/oil 08E6]s huthé of 100 @ 8800al
di stribution curve obtained froman 15 EXAFS (Extended X-ray

Absor pti on SCE/BBLyohore profeeshlyuilObtai7eel) BCEMBBES tamb pabticularly
regenerated catal yst to an XAFS analysis, the peak intensity of M-S
bond deri vegréfesablyeb50dal6,800 SSCFMBIBLalf theehyttogen/oifl ratiads dess than
hi gher, preferably 0.12 or higher, and nore preferably 0.15 or

hi gher, and 108s S&iF/Bey cokeiis pfoduced on theweatalystdapranf entlet piothso
or 20 lower with respect to the intensity of the base peak. If the
bond st r engtreadter,|thys shheanmgicgtalyist lige.Umdearitrast) i the bydsegenfoil ratio
structure of the_ nol ybdenum oxide is changed to reduce the activity
of tlfe regesnzcatdsdd S CEYBBAndhe fconsrupbng cost foma heeyclgcommessdran
0.60, it is_also undesirable because sulfide conpounds of nolybdenum
aggl oner at e beeonwsdaadighnandits thustagospmigally dgteasialeed cat al yst .

0039] A ratjo of NbO3 which is obtained lyzing th t, f
an 1y abbORRR) AlUsh Higjeoastion O Retieohy H NG ProbecERdtg

t he regenerated catal yst, to.the XAFS anal ysis has | ower, limt of
i or ol Loty e Bl e ot Sty Bt
lover 11 BrosSPat Dot AR G0SfRed | Ded R o7 HhoVing |Bed s Rad
act ity of DRRICVIBHSncns: ScdaPelly PG DIREAPLR Olie dhastothr
s changed PETERaHOCRRPY ALF BV Ehe rogener ated cat al yat .
10100401 (1giof Fh 25 TRMISKPERBERE: 0%, SHRDEbmE L S Bt
 sampl ot o SRS ahab s & BesfiiSnahiiiteburd bR pMip) oSl
117 LA PR 00 DR Ry A0RE 0016,
thr Aot he PLESEEN 8RB0 ST OB d B lollialy? Bre@Aayl sa R ARE. 12
Cntensi ty 25000l HEUTOLRAEFAGE THB RSN AMA (bpRurle 10GeP T, 130°C.

of 20=66. 8245 ysed, the hydrotreatment reaction is carried out in a gaseous phase,

and the catalyst tends to not exhibit its performance sufficiently. On the
contrary, if the oil feed stock having the distillation temperature higher
25 than 700°C is used, the content of toxic substances such as heavy metals

contained in the oil feed stock with respect to the catalyst becomes



The determ nation of the presence or absence of the peaks is
preferably performed according to the following criteria. That is,
fromthe XRD patterns of the regenerated catal yst, when a maxi num
intensity point of 25Al 203 of 20=66.8+2 as a base peak is denoted as
Ha and a maxi numintensity point of 20=26.52 as a peak derived from
the conposite netal oxide is denoted as Hit, a peak intensity of the

mol ybdenum GRERQStdducivet &lr}?oﬁféj%ﬁ’\’tﬂd" cafil ﬁcéiglﬁﬁbﬁﬁﬂinn@ﬂﬂ%&gha%héﬁe

base peak is a value of Hnl Ha, wherein a baseline is taken as

strai ght [i @ﬁ‘o?@ﬁ?ésnéﬁ pRtrélefne FadibrisMs@Pidyt thedloiP fBRAI gTBEk are not
intensity pdint | in the range of 520=13 to 16, and a m ni num

intensity pe Bbiﬁdallwlihﬁ@ed,&&Weseht@;@vl?@@répbrﬁég aré GRMIlokvl dénsity at

conditions of XRD analysis are as follows.” X-ray source: CuKa

Di vergence dI5°C islir?t | of 0R2000 fo 09709 ¢ ahtlenilfie content I i
20: 10 to 90 Step width: 0.02 Tube voltage: 50 kV 15Tube current: 200 .

mA Use of nthechngerefdi) ficdifnimags¥nde: Conti nuous scanning Scanni ng
speed: Afm rEO028] Sulfur content means a content of sulfur which is measured
according to “6. Energy-dispersive X-ray fluorescence Metod” of
“Crude Oil and Petroleum Products- Determination of Sulfur Content”
defined in JIS K 2541-1992. Distillation test means a test carried out
10 according to “6. Determination of Distillation Characteristics at
Reduced DPressure” of ‘“Petroleum - Products-Determination of
Distillation Characteristics” defined in JIS K 2254. Density at 15°C
means a density measured according to “5. Oscillating Type Density
Test Method” of “Crude Petroleum and Petroleum Products —
15 Determination of Density and Petroleum Measurement Tables based on
a reference temperature (15°C)” defined in JIS K 2249.
[0029] (Regeneration process)
The facility for performing regeneration to produce a regenerated
catalyst is not specifically limited, but the regeneration is preferably
20 performed in another facility differing from the hydrotreatment facility
for petroleum fractions. That is, the regeneration is not performed in a
state in which the catalyst is still packed inside a reactor of the
hydrotreatment facility for petroleum fractions, but the regeneration is
preferably performed in such a manner that the catalyst is removed from

25 the reactor, the removed catalyst is then transferred to a regeneration

facility, and the regeneration is then carried out in the regeneration

10



[0042] Fig. 2 is a result obtained by subjecting a sanple to X-ray
20Absorption Fine Structure (XAPS) analysis. In this XAFS spectrum
an Extended X-ray Absorption Fine Structure (EXAFS) region of the
catal yst obtained through the regenerati.on process is a region having
a higher energy level than a region (absorption edge) where an X-ray
absorption rate is dramatically 25changed agai nst the energy of
irradi ated Xafidys, and the region is Fourier transforned to obtain an
EXAFS radi al distribution curve shown in Fig. 3. Fromthe EXAFS
radial dist 'fIOO%] QheChetthd bﬂfr@géf%rhﬁﬁgrtﬁ@%g@hﬂéatal s ﬁhﬁrsgbciﬁcally
structure of an atomto be neasured can be ©Obtai ned. The XAFS

anal ysi s i s lanited hbdt prefepablyzintludess pratdstés 0 fh@drds@byt2 phycess of

means of an absorption spectifumin which an X-ray absorption

coeffi ci ent remolviveg pudverized Sathlyat firsmataispeht datalyst onelirs other tian

the analyte is irradiated with X-rays included in synchrotron

radi 8tion gehecatabystlif aecessaey dytusing acdieverapaicess (dediting process) of
correspondi ng thereto after changi ng the energy of the X-rays.

10[ 0043] I nreinevingiet adbérd Wi tier $ianti catalyst, vdshprocess (egendratisAFS
measurenent is carried out by focusing on nol ybdenum (Mo K absorption
edge) of acproeesspiofl emovingdecks, sulfie cappoaenisedndathel ke . whicht e
radi al distribution curve obtained through Fourier transfornmation of

t he EXAFS r dgposited onithespeni catdlyspect rum by focusing on a peak 15
intensity of Mb-S bond of an interatom c distance of 0.20 nnD. 01

whi ch is at {00dL} Adnong shesenproskessesytihg ddeiling praness préferablycadopts a
derived fromresidual sulfur, the peak intensity of M-S bond is

det 0 ned method ofavoletibizing eilpeatkpbnentsshyr heafing ke sperheitalyssiat she
base peak of an interatom c distance of 0.13 nnD.01. The

det er mi nat i &mperatnee 052300 da 00 Ceimsa sybstantially exygenpires etrapsyhere -
accordi ng -t%ot he followng criteria. That jis, the EXAFS radi al

di stri but i oRO%gK§@ple, RGOSy abospherse Alsg, the dspiliog pyesss usandean

XAFS anal ysis gsoftware, e.g., 2000, (nmade, by Ri gaku), fromthe,
spect rum of P¢ Bged Hfglg&’«);ldre%f n‘gg@m@& MY seoponentsy ionrlighin

XAFS neasur nt, and then 25performng, Fourier transformation. In
t hi s EXAFS g@rtacrar pe or &mpﬁ%ief TRnofEox Kempamiendt by RERAIRINEN an

Sondbas KX 0 TR art s ATREL o
o ! e R T i B Bl P i
to the i nt ehiet PoRcfiint BhEconsindnaBiha wrEpeiated sl & L
e ray Absor Bregralyitq S80Comih FEaRaRBLNES I SDYC i re sty
per 101119 RBr S 0300 5u oot S P o6 88l i,
i 88 at oo Rienk ATob SEpI i 1 AESERS AR S EEHSY AR When
poct r oscop i SEaits (EEREAERaP iy dovak danPlhe v el SRRBeLAe. b
publ i shed byed5Gal Z28hbstances, such as coke and sulfir components which

deteriorated the catalytic activity, tend not to be effectively performed, a

decrease in a peak intensity of Mo-S bond of molybdenum sulfide
25 tend to be small, and a ratio of molybdenum oxide tend to be small. On

the contrary, when the heating temperature is higher than the upper limit

11



[ 0045] The XAFS anal ysis of the regenerated catal yst of the present

I nvention is carried out by the nmethod bel ow. X-ray source:

Conti nuous X-ray Spectral crystal: Si(311) 20Beamsize: 1 nm X 2 mm
Det ector: lonization chanber Measurenent atnosphere: air Dwell tine:
1 sec Measurenent range: M K absorption edge (19974.0 to 20074.0 eV)
25Dat a anal ysis (Fourier transformation) program REX2000 (nmade by
Ri gal cu) | th?e AR g : i
Near - Edge S’? ru tﬁé@%’?&é‘ANEsf‘”?’ggﬁdr]%%&{eﬁ@b?e%%ﬁl rgégé%gggleég% b/t

obt ai ned t hngyghed Beciglenehaile mMALPRPER &ﬁaﬁ}fsﬂ: ¢6HAS a(@hapbHtd Bfktal
edge) where an X-ray absorption coefficient is dramatically changed

agai nst t he gyjdedhdicRdsedagplomyer@fiohgy, and an XANES spectrum shown
in Fig. 4 is obtained by anal yzing the spectrumof this region. From
the ' CANES {p@88T uPurthef@or@! ithe teapetitie t&f e ri’;a(%@hel‘%ﬁ@huspl@f:e@
atomto be measured can be obtai ned. [0047] In the NES spectrum
shows i n Fi greferabd-falieadthiereptedeternlibed aehiraanut ravgé asusiladanst
nol ybdenum (Mo K absorption edge) of active netals included in the
regener at ed bed¢w instdditionttb ¢hé EBOES-desaiibed sgeperatnrohingioned, a ratio
of Mo03 is determ ned by pattern fitting using reference sanples of
Mb03 and MoShateas thie predetermides] sanpeetud iy preferabiy withethei maigeosf
of the spectrumis perfornmed preferably 15 according to the

fol l owi ng crT1-80P€.1oTh24-308C, svhereinoTdfard W2 dre detemhinedby Mxbjedting
the sum of Mb03 and MbS2 when the XANES spectrumis extracted from

t he spectrurthef spért hyglratreatneent yetalyse aomedifferentidly shenbakhi aredysis,
the ) (APS neasurenment by using an XAFS anal ysis software of REX2000
(mad® by Ri g:@klﬁﬁrtmcdlﬂ%eenﬂéﬂec@]@(rmr obsérvednip of meGuring tempewitare
software is carried out in a range of 19,990 eV to 20,050 eV by using
Mb03 and Mosange &fulQeF G taH0q%e itndiffercaces on<clectromotivegioreeathen
catal yst. [0Q48] Al so, the spectrum obtained by perform ng the XAES
anal ysi s i s daffareptiadings the adiffencagest do xlestromative sforeet viaviee ofby
REX2000 25(nmade by Rigalcy),. and details of data anal ysis such as a
met hod of t dRPGrEUBRRSe jottaimythe apmallest mxtranse r valus endnihg haraand

“oxi de were

smallest extreme value, and taking the temperature corresponding to the
15 extreme value located in the lower-temperature range as T1 and the
temperature corresponding to the extreme value located in the
higher-temperature range as T2. By setting the regeneration temperature
to the predetermined temperature range above, it is easy to convert the
active metal in a sulfide state into an oxide state by use of the spent
20 catalyst, and it is also possible to prevent the decrease in activity of the
regenerated catalyst to a high degree, which may be caused by the
complete removal of coke deposited on the catalyst through combustion.
[0034] Furthermore, the lower limit of the temperature range is
preferably T1-20°C or higher, and particularly preferably T1-10°C or
25 higher, and the upper limit of the temperature range is preferably
T2+20°C or lower, and particularly preferably T2+10°C or lower.

12



performed using the integrated XAFS anal ysis software of REX2000
(made by Rigaku), according to nethods disclosed in "78-79 pp., X-ray
absorption spectroscopy-XAF' S and its applications-edited by Toshi aki
OTA and published by 1PC (2002)" and instructions disclosed in "51-59
5 pp., Instruction manual of the integrated XAFS anal ysis software of
REX2000 (nmade by Rigalai)". [0049] The XAFS anal ysis of the

regener at ed [0g3 8] e PégdriepatibieIBAE ik ﬂaB([]‘,sl( 0.5 Thdigs BF 1difsérhaisien

because it i's carried out under the sa conditions as the

above- descr ippeférabigl PsihlpueonsH 1o, He{HPSRlors pedeldbly 251 Kolivs Ur

an unused catal yst "(new catal yst)  varies by catal yst menufacturer or

manuf act ur i dengel andigartisulkelspetferbipBohois ¢t BrideatIftthe régéﬁéﬁatibn()f

t he regenerat ed catalyst regenerated ?rom t he hydrotreat ment catal yst

after it istimsedsdbsyitihrd6.52hoess eshlistirtieghwhivh detaidrateds theleatadyithe

activity of the unused catal yst corresponding 15 thereto. Herein,
the &cti vit yctivityhee.ggoeoles, abwldine andisysices s amels ¢lss eliké headohos pecibei ¢
activity defined in the foll ow ng equation. Specific

acti vi ty- - Deffiectivel wegrnoved.at e constant of regenerated

catal yst/ Desul furization rate constant of unused catal yst [0051] (How

to use rege(i@036pRegerergted)cazdlyst) regenerated catal yst of the

present invention nay be used alone as a catal yst for the

hydr ot r eat mBasedr onethe nfass hef plee ropemenatedh catalyst, dhe ukederbinhigi o a
stacked with an unused catalyst. In the cases of using the

r egener at edresidual earbonaeidentnin thearegenesatdd catalygsobtaimed throughdhe
the regenerated catalyst is not specificall { limted, but is

preflér abl y segancragongmeecessads preferdblyarftil fromeagsef erahighar?onwre
hi gher (mass ratio) wth respect to 100 _of the unused catal yst in

terns of repueferblyn@damsssio or highest and pastigularknprefaxably 0.8 anassiot

separation durjng the replacenment Qf .catal ysts. [Exanple] [ 0052]
Her ei naf t er OT't iﬂgq’tﬁfes@’#f they 8pPEB nlimit |0§éﬁﬁnr@sldmh waeer r ¢orignbvist h

reference to anpl es .and nparative Exanples, but is not Iimted
what soever B¥e Wséqz OF dessn BareBr ﬁl’fﬁi[lﬁo%é]mﬁgr%k@l desgy and

(Regener at egatgt?cgualleﬁ?ztﬁreferably 2.0 mass% or less. If the residual carbon content
15 is less than 0.15 mass%, the catalyst undergoes a thermal history during
the regeneration process to cause active metals to be agglomerated, and
thus, the activity of the regenerated catalyst tends to be lowered. In
contrast, if the residual carbon content is greater than 3.0 mass%, the
carbon blocks active sites of the catalyst and therefore the activity of the
20 regenerated catalyst tends to be lowered. “Residual carbon” described
herein is carbon {coke) remaining in the regenerated catalyst afier
regenerating the spent hydrotreatment catalyst, and the residual carbon
content in the regenerated hydrofreatment catalyst was measured
according to “Coal and Coke-Mechanical Methods for Ultimate

25 Analysis” defined in JIS M 8819.
[0037] In a spectrum obtained by subjecting the regénerated catalyst to

13



A spent hydrotreatnment catal yst which has been used for 2 years in a
10 hydrotreating facility for kerosene was prepared as shown in Table
1, wherein the catal yst was obtai ned by supporting nol ybdenum and
cobalt as active nmetals on an alumna carrier. The spent
hydr ot reat ment catal yst was wei ghted out 5ng onto a pan nmade of
platinum then set in a differential thermal analyzer (Therno Plus 2

series/ TOB1Y, Neey biiffihbriBhoanelys5e. .2 Lpeak . irmegsiey ddbfioeantich a

thermal analysis was carried out at an air flowrate of 100 m/m n by

rai si ng t he thelhyirlentum @obypdsHd metall oxite; eeicheimpbiddsump]yibdetiif and
Thereafter, Ti and T2 were calculated fromthe results of the

di f f erenti alatt astraineasptsiss sselectod dfrogn traetdie off Grenpi 8 @t &S the
resulting in T1=250C and T2=400C. Here, the 20 spent hydrotreatnent

catal yst waPeragHoeTabled Hasr a 4okneur Bt of50EféBbit MMED IR h5EIRr, anore
shown in Table 1, thereby obtaining a regenerated catal yst 1. [0054]

(Analdysi s ofprefexadiyal. 7Saobhigtien, awtparticatlaxdy gaefergbly) 0.75 orhigher, and
measur enent of a residual carbon content was performed on the

25r egener at duhscat uppet limit Teprdftrablys 1df0 ohéowes| mers pogteratliyod.98r e
the sane as described above, and the results are shown in Table 1.
[0055] ( XRDlewsryand particedenie rpreferably 4.§5t0r dowen| Wwiduaespecy tof thene
regenerated catal yst 1 was powdered and an  XRD anal ysis was then
carried out intemsitieofia bass peak. dfdhg paskopdensityris dess than hé8, ifsis
descri bed above., Fromthe analysis results, a ratio of a 5 .

di f f r act i on ypeigrirahles neaapse Hithe opxiationo el Abes repersraied catalyisbuied
to a conposite i,de CoMb04, de of the active netals nol ybdenym and
cobal®, wit mlégf%@tt tooregugerthe astivily plethe Tegeassated qatdyS%fanzl@tﬁﬂm
66. 8 which was,attributed to al um na, cal.cul at ed and the

cal cul at ed m&ak iafersiky sKogreater THisne fﬁl&l@'{ 0858480( gizakleo bepayges

e o e SOR R bt L ko

corresponding to the regenerated catalyst 1 were respectively

powder ed, tﬁggmqueﬂatg&% ysts were tableted to formpellet-1ike

R e S R A N T

respact i vel yreahautal o Lo LA S orh i SRHLRRE) SRRl
by subjecting the regenerated catalyst to an XAFS analysis, the peak
intensity of Mo-S bond derived from residual sulfur has a lower limit of
0.10 or higher, preferably 0.12 or higher, and more preferably 0.15 or
higher, and has an upper limit of 0.60 or lower, and preferably 0.50 or

20 lower with respect to the intensity of the base peak. If the bond strength

is less than 0.10, it is undesirable because the structure of the
molybdenum oxide is changed to reduce the activity of the regenerated
catalyst; and if the bond strength is greater than 0.60, it is also
undesirable because sulfide compounds of molybdenum agglomerate to

25 reduce the activity of the regenerated catalyst.
[0039] A ratio of MoO; which is obtained by analyzing the spectrum of

14



results of a peak intensity ratio (Hs/Ho) are shown in Table 1.

[ 0057] (Anal ysis of XANES region by subjecting regenerated catal yst
20t o XAFS anal ysis) After small quantifies of the regenerated

catal yst 1, an unused catal yst corresponding to the regenerated
catalyst 1, and a spent catal yst corresponding to the regenerated
catalyst 1 were respectively powdered, the powdered catal ysts were

tabl eted toghoKRuA3e bb%rﬁtidﬁen@éi-%é sieuirderegfolfobraifal sy Subeetihgen

carried out. Detail s of "the anal s procedur€ are the s

descri bed akjgy eegéheratdPcAthly s tHe X ARKCHAIVSIE Was a SoweP Sishitiofy7 1%e
spectra of Mb03 and MobS2 from the absorption” edge spectrum obtai ned
from the r capifshéicpreftsblys80% osighhenebimise Breferally 3% 6 kighennn
in Table 1. [0058] (Hydrotreatnent reaction) 5The regenerated

catal yst 1 ghtidigseth U?Fexuﬁinit b€ 99%@@&0%&,%11&\@&%%61?@5%@ lawer. If
fi xed-bed continuous-TlTow reactor to subject the catalyst to

presdl fi di nghé retidnehH MoQ;nigsk$s chadNISoydt isdceldsirabke beemiseosulfide
correspondi ng to kerosene having the properties specified in Table 1
based on theorgsmumds ofiendlyddenom agpibmesate dot iodueesthe sctivity ef the
the 10 catalyst for 48 hours. Afterwards, a hydrotreatnent reaction
was carri edreggneratber cathbyst;omut if thesrasivosxcaeds o itlisalse sindgsiaable
fraction corresponding to kerosene having properties specified in
Table 1 as &ecaide theestridtunk of thenudybdénumzetidens changed ts reducevths
calculated fromthe content of a sulfur conponent in the oil
produced. Abstvityhd thesegenamtad ¢catalyistn rate constant was cal cul at ed
by carrying out the sane reaction using an unused catal yst

cor d&spondi §0040Q)] Methedjéorcassesning segenarated catalysthen the specific
activity of _the regenerated catalyst 1 was calculated fromthe
desul f uri zatlespinesies, corivethed foneassessingsaaregancssied satrdyste will be
20[ 0059] [ Exampl.e 2] .(Regenerated_catal yst) A spent hydrotreat nent
cat al yst V\hidéﬁpfhla%ffﬁ‘é 1‘&%@%&9 Biggeht@4in a hydrotreating facility
for gas oil _was, prepare

s sho in_Table 1, wherein_the tal yst
was obt ai ned1%y! 48 sy mébm KRS SoemRple B XaRey dietton

on an al um rier,.and a differential thermal analysis was
carried out ANAYFE- manner as Exanple 1 to calcul ate
15 In the X-ray diffraction patterns, by focusing on an XRD peak of

20=26.5+2° attributed to a molybdenum composite metal oxide which is
assumed from the active metal species contained in the catalyst obtained
through the regeneration process, the presence or absence of the
composite metal oxides is determined from a ratio of the peak intensity
20 (CPS: Counts Per Secound) to the intensity of a base peak of
26=66.842°.
The determination of the presence or absence of the peaks is preferably
performed according to the following criteria. That is, from the XRD
patterns of the regenerated catalyst, when a maximum intensity point of
25 Al O3 of 26=66.8+2° as a base peak is denoted as Ha and a maximum
intensity point of 26=26.5+2° as a peak derived from the composite

15



Ti and 12, resulting in T1=260C and T2=410C. Here, the spent

hydrotreat nent catal yst was regenerated for 4 hours at 300C (T1+40C,

12-110C) as shown in Table 1, thereby obtaining a regenerated

catal yst 2. 5[0060] (Analysis of residual carbon in regenerated

catal yst) A neasurenent of residual carbon content was perfornmed on

the regenerated catalyst 2. The details of the analysis operation are

the same as embidlige abaYSotednsl E, P Hebk SREASIE) OMtel nidlyblerum

[0061] (XRD anal ysis of regenerated tat ?Iéysts 10A§52mal q_uan?!)ty 0

the regener gopthastisnend] dxideswith weigiad 187He oKy IR Base YRAK IBeN
me as

carried out. The details of the analysis operation are the s

described ak@Wgs of T9mY/HAS vk h DasElbe §§ talter 85 ia0stedight Uinkf stnaine
peak intensity (Mm of 2d=about 26.5 which was attribufed to a

conposi t e odydeordii twagoink diendaimue Fekakisy TENHE rabizedsd

cobalt, with respect to a diffraction peak intensity (Ha) of 20=about

66. 8 Sahi ch @8s=18tt0r 168y taed & eniakmuinm intensisy poistildhatieandgt b€ 20=69 to
calculated results are shown in Table 1. 062] (Analysis of EXAFS

regi on by s@BpPecting regenerated catalyst to XA F S anal ysis) 20After
smal|l quantifies of the regenerated catalyst 1 and a spent catal yst
cor r espondi 1004 b] Thpicak genditarmd X RAD patlysiswreas fslhess.i vel y
powder ed, the powdered catal ysts were tableted to formpellet-I|ike
obj ect s and X{ray X6E®ReafaiKeai s was then carried out. The details of
the anal ysis procedure are the sane as descri bed above. Hs and Ho
wer e 25r esp®ivergancecitcif2ft ed from the radial distribution curve
obtai ned, and the calculated results of a peak intensity ratio
(Hs/Afo) ar e RstesiwingrslitT@dISemdn [ 0063] (Anal ysis of XANES regi on by
subj ecting regenerated catal yst to XAFS anal ysis) After small
guantities @Icaﬁﬁﬁngeﬁéléhéﬂé’t ed catalyst 2, an unused catalyst 5
corresponding to the regenerated catal yst 2, and a spent catal yst
correspondi Qéi 48 tor0% egenerated catal yst 2 were respectively
powder ed, t%e po red ﬁg\tal ysts were tableted to formpellet-Ilike
obj ect s and ¢ Y3 alysis was then carried out. The details of
an anal ysi s ocedur e iﬁe sanme as descri bed above. A ratio of
Mb03 was 10 ‘(959(%%@]‘ ynt hesi zi ng the spectra of M03 and MS2

cot dyst 2. 10 GHEaR00Bed resul to are shown in Tabl e L. [0064
(1ot ool et SRRl Yol eal ront react on wes caryied out
L na e L MLl E Rt RSk B ARG 10 o 92 o | having
t he specifi gc%ﬁfliﬁ/g' §I¥ee%lr:€i°?1ﬁlol¥m in Table 1.
[0042] Fig. 2 is a result obtained by subjecting a sample to X-ray
20 Absorption Fine Structure (XAFS) analysis.
In this XAFS spectrum, an Extended X-ray Absorption Fine Structure
(EXAFS) region of the catalyst obtained through the regeneration
process is a region having a higher energy level than a region
(absorption edge) where an X-ray absorption rate is dramatically
25 changed against the energy of irradiated X-rays, and the region is

Fourier transformed to obtain an EXAFS radial distribution curve
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[ 0065] [ Exanple 3] 20(Regenerated catal yst) A spent hydrotreatnment
catal yst which has been used for 1 year in a hydrotreating facility
of vacuum gas oil was prepared as shown in Table 1, wherein the
catal yst was obtained by supporting nol ybdenum and cobalt as active
metals on an alumna carrier, and a differential thermal 25analysis
was carried out in the same manner as Exanple 1 to calculate T1 and

T2, resulti gHolvh ihIFG, Proml At EKAFRG 4 ia) ld? THn clvd! ffogRatiBht
catal yst was regenerated for 0.5 hours at 450C ( T1+140C, T2-100C) as

shown in Ta?é%rgii% herrbiphebalaistubthid LN atctheth IRl dhadurdd dR066!

(Anal ysi s of al “carbon 1 n regenerated catalyst) 5The
measur enent obtainhegl dual carbon content was perforned on the
regenerated catal yst 3. The details of the analysis operation are the

sane as desTHIKARDaMalysiiid 4 Arthed @&‘hﬁagrzeng Bafctire|@PAE ahalyit®09 7]

(XRD anal ysis of regenerated catalyst) A snalT quantity of the
regefer at edngedmal YAt ad whsopstister gsedtnmain 1WhiEl anal§say wesorbtien

carried out. The details of the anal ysis operation are the sanme as
descri bed abogfficienioftihe amiytesissplottad a%ainat arhp eplergy.divhbrant then
peak intensity (Hm of 20=about 26.5 which was attri buted to a
conposi t e oahdlyt€olsbidadimeld witht Boraps iiveludedalis syiolrdtonmradidtion
cobalt, with respect to a diffraction peak intensity (Ha) of 20=about
1566. 8 whi clgenernted frorhuaredldotroal acialeratomer ¢arayd abrespomdingethereto
calculated results are showmn in Table 1. [0068] (Analysis of EXAFS

regi on by sefieechamgingstherencagydfthe H-yays.t o XAFS anal ysis) After
smal | quantities of the regenerated catalyst 3 and a spent catal yst

20 40rrespoidi4y) bothe EXAFénmdiakdistibutiontci@veshewreipdigi 3¢ S
powder ed, the powdered catal ysts were tableted to formpellet-I|ike
obj ect s andmeasurespentinal geisedwaeut thsh fogpsingd autmolykdatumi (MofK
t he anal ysi s, procedure are_the sane as descri bed above. Hs and Ho

ver e r especabsapfiosgdgs)niastiveometals included iaitke reganaraiedgatalyst. In
?Efsﬂ_g)e d grg y ;qu?ghQledfs%gﬁ‘ggiec%gso%t;isne%fﬂgoggeg %oiuﬁe%rgéﬁs%ogﬁta’éign of
the EXAFS region of the obtained spectrum, by focusing on a peak

15 intensity of Mo-S bond of an interatomic distance of 0.20 nm=+0.01
which is attributed to- a2 bond of a molybdenum atom-sulfur atom

derived from residual sulfur, the peak intensity of Mo-S bond is

determined from a ratio of the peak intensity to the intensity of the base

peak of an interatomic distance of 0.13 nm+0.01. The determination of

20 the peak intensity is performed preferably according to the following
criteria. That is, the EXAFS radial distribution curve is obtained by

extracting an EXAFS region using an XAFS analysis software, e.g.,

REX2000 (made by Rigaku), from the spectrum of the regenerated
hydrotreatment catalyst obtained through XAFS measurement, and then

25 performing Fourier transformation.

In this EXAFS radial distribution curve, when the peak derived from an
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[ 0069] (Anal ysis of XANES region by subjecting regenerated catal yst
to XAFS anal ysis) After small quantities of the regenerated catal yst
3, an unused catal yst corresponding to the regenerated catal yst 3,

and a spent catalyst 5 corresponding to the regenerated catal yst 3
were respectively powdered, the powdered catal ysts were tableted to
formpellet-like objects and the XAFS anal ysis was then carried out.

The detail s Mb-§ By ahish & RtaBald ﬁe’s?dﬁdltféhtﬁﬁif"ccﬁﬁgpgﬁé&éiié)%?ok%do 2

above. A ratio of Mo03 was cal cul ate y synthesizing spectra o

and MbS2 fr o 4 hpakRaneoimehsity qsldat e ST e RRtakosEc fdigghbb&f 0.20

regenerated catalyst 3, and the calculated results are shown in Table

1. [0070] (rAe0i0IcahdRRE Ha8 PR} dnbiedY £ 4 eaiTRIIm iRAFHsi9HoIRs Ho

carried out in the sane manner as Exanple 1 except for the ndi tions

as shown i n oFathlee idtebatotfic distnckSof RES | AmE0C0T rdhart iemt gn VRO
gas oil having properties specified in Table 1, as an oil feed stock.

The rsesul t s bofnd, ke valwecof Hs/Het isvthafgeale ifitepisityi of flabMo-5 bbdd 4l the
[ Exanpl e 4] (Regenerated catal yst) 20A spent hydrotreatnent catal yst

whi ch has bestengiigdiffthe bhsypenki n a hydrotreating facility for gas
oil was prepared as shown in Table 1, wherein the catal yst was

obt ai ned by [80##6prAlsog thel pbeleitynodng pedbalin the rdial disteibationosusye
alumna carrier, and a differential thermal analysis was carried out
in the sameobfmined fronFilrarhktertdedoXerdye MizoeptiisaiFine Gtfitcture segivnngf
in T1=360C and T2=390C. Here, the spent hydrotreatnent catalyst was
r egener at ed therspectrum sicquirdddsy gefg)mnﬁg the+ X0y S aanadpisinnisi set Tasbile
1, thereby obtaining a regenerated catalyst 4. [0072] (Analysis of
resilfual caheighti of ﬁb@@%ﬁaﬂdmpde’@hlysmﬁ data Thalysisasuchems e mdthod of
residual carbon content was perforpmed on the 5regenerated catal yst 4.
The det ai | s ta¥ingne baseline fer eplenlating the beight @fat%g peak were performed
using an integrated XAFS analysis software, REX2000 (made by
Rigaku), according to methods disclosed in “57-61 pp., X-ray
absorption spectroscopy-XAFS and its applications-edited by Toshiaki
15 OTA and published by IPC (2002)”.
[0045] The XAFS analysis of the regenerated catalyst of the present
invention is carried out by the method below.
X-ray source: Continuous X-ray
Spectral crystal: Si(311)
20 Beam size: 1 mm X 2 mm
Detector: Jonization chamber
Measurement atmosphere: air
Dwell time: 1 sec
Measurement range: Mo K absorption edge (19974.0 to 20074.0 V)
25 Data analysis (Fourier transformation) program: REX2000 (made by

Rigaku)
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as descri bed above, and the results are shown in Table 1. [0073] (XRD
anal ysis of regenerated catalyst) A small quantity of the regenerated
catal yst 4 was powdered and an XRD anal ysis was then carried out. The
details of the analysis operation 10 are the sanme as descri bed
above. Fromthe analysis results, a ratio of a diffraction peak
intensity (Hm) of 20=about 26.5 which was attributed to a conposite

| de CoMbO ' | il
Fespect 1o 0aTTE B e T e T BN R Nper Mg
vas a1 11 bUSHHAGrAINES) YegioRUE hetapinaniich R aRbeub i ed troush

15results are shown"in Tab [0074] (Anal ysi's of " E3CAFS region
subj ecting tlegesgsmiratlofabrdckss i 6 RehhP (ahrytos) e&gé)eﬁrhféf@bh X-ray

guantities of the regenerated catal yst 4 'and a spent™ Cat al yst

correspondi aBsbipticie doedicienatieddamhadivaly <hapiedr @g@ﬁst ithe! ¥radiated
powdered, 20 the powdered catalysts weré tableted To form

pel I &t - 11 ke 30pge@herdy) chridgn XANES apreirsmvshowhein BRY. 14 adobttined bs

details of the analysis procedure are the same as descri bed above. "Hs
and Ho ver eahebpdes ithel ypesthonl of eltis regiomeFrami e HANESD Wpeotrum,
curve obtained, and the calculation results of a peak intensity ratio
(Hs/ Ho) ar eisfoonmation 2égkating the [chenbbal Atathy of saro hitotANIGSbe egieasurey
subj ecting regenerated catalyst to )(APS analysis) After small
quantities chnthecobtaymder at ed catal yst 4, an unused cat al yst
corresponding to the regenerated catal yst 4, and a spent catal yst

cor r espondi (ig0470] Ihthe XFeNESaspettauan ahpsin i Feg.ef, XARS trieastiement is
powdered, 5 the powdered catal ysts were tableted to formpellet-like
obj &t s and catréedrAmit by rfacysing ensmdigbdenumi ookt abToeptita @dge) aff
the anal ysis gr ocedure are_the sane as described above. A ratio of
Mb03 was cakeuvameetabyinojudedin thewpgeneratpd catalyst Inbe XeANBS s2ionom
t he absorption edge spectrum obtained fromthe regenerated catal yst
4, and 10t hepecirei gbtainedsal raticnad Mefvn 15 ndetanmined byopatipm fitting
(Hydr ot r eat ment 'refact ion) A Pydrfgt rest ment re§ct lon was carried out
in the saneUghigheefesence samples of MoO; and MoS,; measured under the same
conditions. The determination of the spectrum is performed preferably
15 according to the following criteria. That is, a ratio of MoQ; is a ratio of
MoQ; to the sum of MoO; and MoS; when the XANES spectrum is
extracted from the spectrum of the regenerated hydrotreatment catalyst
obtained in the XAFS measurement by using an XAFS analysis
software of REX2000 (made by Rigaku), and then the pattern-fitting of
20 the analysis software is carried out in a range 0f 19,990 eV to0 20,050 eV
by using MoO; and MoS; measured under the same conditions as the
regenerated catalyst.
[0048] Also, the spectrum obtained by performing the XAFS analysis is
analyzed using an integrated XAFS analysis software of REX2000
25 (made by Rigaku), and details of data analysis such as a method of

taking a baseline for calculating the ratio of molybdenum oxide were
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Exanpl e 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to gas oil having properties specified in
Table 1, 15as an oil feed stock. The results of the specific activity
are shown in Table 1. [0077] [Conparative Exanple 1] (Regenerated
catal yst) A spent hydrotreatnment catal yst which has been used for 2
years in a 20 hydrotreating facility for kerosene was prepared as
shown in Ta | Sk AR b '
nol ybdenum ?negfco %?ggig%??%%egl S onga%ﬁgfé&%%lbﬁg%?gﬁan 06(1}
differenti al : Ly si Il oy 3 _
S P i e R R o PPl i
Here, the SRRRbraRiy dnedtieRIIOKATS it its iplicagensraind Bngéé}ﬁakj
hours at 350C (T1+100C, T2+40C) as shown in“Table 1, thereb
obt ai ni ng a OTA%EREpEbRhSPLATPES (Z00X)0AAd inshaatival disflodePirvst -59
carbon in regenerated catal yst) Thé neasurenent of residual carbon
contént was el TestAldicnD rhfitudleaf ike dheshratddDYAFSSandlfeisd 8bftiase 0bf
t he anal ysi S operation are the sanme 5as descri bed abové, and the
results arekﬂﬁmooqﬂ@mmmgm@ye] (XRD anal ysi s of regenerated
catalyst) A small quantity of the regenerated catal yst 5 was powdered
and an XRD 40649 EhenaSAFRemalgsisi efl thetregdherated abtalyst of ftheamebyst
operation are the same as descri bed above. Fromthe anal ysis results,
a ratio of anvdmtioh filldss onittpé dereint lesvaiusy if isngarnibd20rahaler tB6 shme
whi ch was attributed to a conposite oxide CoMb04, nade of the active
netal s nol ypdaditiormas tetabdve-desdribeebaealysiscomdifiéfis.act i on peak
intensity (Ha) of 20=about 66.8 which was attributed to al um na, was
cal d at ed 400650h8ince the attivity efdn unasel shtalysti(neFabatalyist) varieo &y
(Anal ysi s of EXAFS region by subjecting regenerated catalyst to
catalyst manufacturer or manufacturing unit, it is considered appropriate

that the activity of the regenerated catalyst regenerated from the
hydrotreatment catalyst after it is used should be assessed through the
relative value to the activity of the unused catalyst corresponding

15 thereto. Herein, the activity of the regenerated catalyst is assessed
through specific activity defined in the following equation.

Specific  activity=Desulfurization rate constant of regenerated
catalyst/Desulfurization rate constant of vnused catalyst
[0051] (How to use regenerated catalyst)

20 The regenerated caialyst of the present invention may be used alone as a
catalyst for the hydrotreatment process of the petroleum fraction, or
used by being stacked with an unused catalyst. In the cases of using
the regenerated catalyst stacked with an unused catalyst, the ratio of the
regenerated catalyst is not specifically limited, but is preferably 80 or

25 higher (mass ratio), and more preferably 120 or higher (mass ratio) with

respect to 100 of the unused catalyst in terms of reducing the amount of
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XAFS anal ysis) After small quantities of the regenerated catal yst 5
and a spent catalyst corresponding to the regenerated catalyst 5 were
respectively powdered, the powdered catal ysts were tableted to form
pellet-like objects and the 20 XAFS analysis was then carried out.
The details of the analysis procedure are the sanme as descri bed
above. Hs and Ho were respectively calculated fromthe radial

distributio fﬁtﬂ?@as afica GaputAdfd g RRGH
intensity rggﬁé%gtﬁb own ?’ T?t??e 1. ZSFﬁﬁglt}l (Igékﬁ?m S (?f-f
XANES r egi ogpvsidbj ecting regenerated catal yst to XAFS anal ysi s)
After small qua?;tlti es of the regenerated catal yst 5, an unused

cat al yst COE gﬂ%ﬂg] ng to the regenerated catalyst 5 and a spent
catal yst corres Ing to the regenerated catal yst 5 were

respectivel E[OOQZ\PH&ématﬂé@ ﬂmﬂg@és@ﬁt GaventiGl svilebe m@bé hEy d@sch%a\

pellet-Iike objects and the XATS anal ysis was then carried out.

The det ai | s with tieferenety sﬁmpmuaﬁda@@rdﬂmaﬁmlz Crivigeds not
above. A ratio of Mb03 was cal cul ated by synthesi zing he’ spectra of

Mb03 and MoHznited wlidtsosksdrypthicss Bxdaeplen petsantedbeliwed from the
regenerated catalyst 5, and the calculated results are shown in Table

1. 10[0082] [Oﬁw{mxmplmh} reaction) A hydrotreatnment reaction was
carried out in the sane manner as Exanple 1 except for the conditions
as shown i n(Kegbrerhtdr) catalysy) a fraction, corresponding to kerosene
havi ng properties specified in Table 1, as an oil feed stock. The
results of thepepehydiatreattierttoatalyst stinoh hias hédiamsed for (0§82 in a

[ Conpar ati ve Exanpl e 2] (Regenerat ed catalyst) A spent hydrotreatnment
cat d0yst whhydrétaeating Hacidiéyl foorkezogarmer wasnprepayelt as rshawmdn fEablei by
for gas oil was pregared as shown in Table 1, 20 wherein the

catal yst wasvlsseul fba ogtalysspwiasi ﬂbtamclfdaﬁerﬂupmﬁngomlybé@mm and
netals on an alumna carrier, and a_differential thermal analysis was
carried out cohakits agiie mefalsomean Blumina carries. dhecsneat ytrotzeatnyent
resulting in T1=310C and T2=410C. Her; the spent hydrotreatnent .
catal yst waSatadydnuasmaighisd authyngonto opacnaiere! plamumpthenet ins

shown i n Tabl t her eby obtainin regener at ed catal yst 6.
2 differenitial thetmal ana yzexg (’%hem%o Pius 2 ser(l;es/TdISIIO made by

15 Rigaku Co., Ltd.), and a differential thermal analysis was carried out at
an air flow rate of 100 ml/min by raising the temperature by 10°C/min
from room temperature to 700°C. Thereafter, T1 and T2 were calculated
from the results of the differential thermal analysis according to the
aforesaid method, resulting in T1=250°C and T2=400°C. Here, the

20 spent hydrotreatment catalyst was regenerated for 4 hours at 350°C
(T1+100°C, T2-50°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 1.

[0054] (Analysis of residual carbon in regenerated catalyst)
The measurement of a residual carbon content was performed on the

25 regenerated catalyst 1. The details of the analysis operation are the same

as described above, and the results are shown in Table 1.
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[ 0084] (Anal ysis of residual carbon in regenerated catal yst) The
measur enent of residual carbon content was perforned on the
regenerated catalyst 6. The details of the analysis operation are the
sane as described above, and results are shown in Table 1. 5[0085]
(XRD anal ysis of regenerated catalyst) A snmall quantity of the
regenerated catal yst 6 was powdered and an XRD anal ysis was then

carried out .[Oﬁgtj]a'mm&%i%ﬁf@n@rﬁggr@{ﬂgﬂpare the same as

descri bed above.” From the "anal ysi's results, atio of a diffraction

peak i ntensiA ysnidll tquaeititg 05 Bedi re@ndratdd éﬁtawl PtWﬁ% i O\I??@ereaoaﬁd’ oA

conposite oxi de CoM04, made of the active netals no enum and

cobal t, wi t IXRE>peallysisowas dhér caaiddsundite dt?tbﬁ@%iﬂthe (aﬁﬁlysﬁi operafRit

66.8 which was attributed to alum na, was cal cul ated and t he

-cal cul at ed raes ghé santecas deveribed Fbbve. Erom the andlPSi8Gksinaad yais offa
EXAFS regi on by subjecting regenerated catalyst to 15 XAFS anal ysi s)

Afters smal | diffadtion pealofintensity(Gany 0ft28-abatia6s5° Gridohl wasaerbuted

catal yst corresponding to the regenerated catal yst 6 were

respecti vel yopoeoiapedite tdxadp Eeletoddl, anadd pftlse wetieetrabiads edolybdémum
pellet-like objects and the XAFS anal ysis was then carried out. The
details of tand cobmltysvsh réSpemtdoeddiffaation tpeaksatensiiy (dayxof Bédabout
above. Hs and Ho were respectively calculated fromthe radi al

di st ri buti o96c8 whicthwedsrattributed torabumdha,uvas el cuteted tamdotheaapadated
intensity ratio (Hs/Ho) are shown in Table 1. [0087] (Analysis
of ' CANES r egswlis dne shehyean Iable égenerated catal yst 25 to XAFS

anal ysis) After small quantities of the regenerated catalyst 6, an

unudéd cat al[0856] ChnakysioatiEAGAFS region by shbjerting egeaeyated gatalyst to
spent catal yst_corresponding to the regenerated catal yst 6 were
respectivel Woritad¥sis) he powdered catal ysts were tableted to form
pellet-like objects _and the XAES anal ysis was then carried out. The
details of chpamellsquantyies of dug regancsatercatalyst dsand acspans ¢atlyvie.
A ratio of M03 was cal culated by synthesi zing the specira of 03
and MbS2 fr GRTHCRBORBUNE: tor therregggaraled catalivstdbPeara sespeciveln powdered,

o b s s e R e ol e B °
o e % AR R LR SR eSS S S ™
1oL PR B AL LRl Sl e, S et
Catalyst whCenaeddidh GeSAt AR E R S S ol R e e Rl AT
catal yet waloSHRtERReR TERASE o Flg B/ ha o in e T." 17
[0057] (Analysis of XANES region by subjecting regenerated catalyst
20 to XAFS analysis)
After small quantities of the regenerated catalyst 1, an unused catalyst
corresponding to the regenerated catalyst 1, and a spent catalyst
corresponding to the regenerated catalyst 1 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
25 XAFS analysis was then carried out. Details of the analysis procedure

are the same as described above. A ratio of MoO; was calculated by
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20 and cobalt as active netals on an alumna carrier, and a
differential thermal analysis was carried out in the same manner as
Exanple 1 to calculate Tl and T2, resulting in T1=440C and T2=500C.
Here, the spent hydrotreatnent catalyst was regenerated for 4 hours
at 400C (T1-40C, T2-100C) as shown in Table 1, thereby obtaining a
25regenerated catalyst 7. [0090] (Analysis of residual carbon in

bert or mad ofyHEeIAht hENDTRRE UE MBS, A MSS Him e IBRbA daths
heTabl o1 SPabif obtaifisd 16541 P fedtRiSodRBlal/IE 1,55 o Yafer Lﬁ?@‘ﬁ”
quanti ty of éﬁﬁﬁ@t@eﬂﬁfﬁ%ﬁqﬁﬁlé}pﬁ 7 was powdered and an XRD

then carried out

anal ysi s was e details of the anal ysis operation

are the sa 095%}1 gﬂf&g&tﬁ{e@l\f% &{dﬁ)\the analysis results, aratio
of a diffr tro gq K intensity (Elm’ of 20=about 26.5 whi ch was

attrisbuted tJthedy Pe&b&% Wb@ﬁl%‘(ﬁf%d REecRithé '?é%étférhﬂén%ésaf Bled

nol ybdenum 10 a oba t, respect to a d| ffraction peak

intensity (kajp @f fﬁ&cﬁb@@tc&ﬂnﬁwﬁ‘s—ﬁhw\%a@ﬁr td edto i Usht st Was

cal cul ated and the cal culated results are shown in Table 1. [0092]
(Anal ysi s ofprétdfi8inge dretmnts Ubhetkts bff EIMS aves addded! #sta fiackohS

anal ysis) 15After small quantities of the regenerated catalyst 7 and

a spent cat gbyekpondirgs perkbrogerieo hiwbing eheneoperibscapadifisd ih Tebke 1
respectively povvder ed, the powdered catal ysts were tableted to form

pel let-like babe@ohsttm@a@ef%&wﬂ@wsnﬂ was cohénuoaslyi stghpdied. toTihe
details of the analysis procedure are the sanme as descrl bed above. Hs

and 180 wer e catflystefopeid hoatsy Adi¢rovdrdsed hiydootredtenerddieattion svas dartiedn
curve obtained, and the calculated results of a peak intensity ratio
(Hs/ Ho) ar e oshoundém thablcendliti¢:0 SjowiAnal yEibleofi YANESinggaofideyion
subj ecting regenerated catalyst to XAFS anal ysis) 25After snal |
quantities ebriespondigpents kembenathdving properiiasnipeifiedtinl Tahle 1 as an
corresponding to the regenerated catalyst 7, and a spent catal yst
cor r espondi 981 fegdtsﬁ@clie’gba desulfurizatian yete conatans was pelsuilatetlyirom the
powder ed, the powdered catal ysts were tapleted to formpellet-Ilike
obj ect s andcongerm ef #nasulfis erimponent cir rthed ailit pradiucedet 4ilbe, dhe
t he anal ysi s procedure are the same as descrihed above. A ratio of
Mb03wmas 5 desuldurizetion gyte gensieat way cakalaiedcby casryingoautathe sese
fromthe absorption edge spectrum obtai ned from the regenerated
catal yst 7, r%ﬁfdlqmélsé%gc%nd%fééﬁ sata XStaP@n? ing f%tﬂ%é IegW]i

drotreatrre re ctl n) A hydrotr, atrrent ction carrie
,(nHyt he sane® 8 t)hen e spec1 1C act1v1ty ?‘ti'le regenerate cateﬂyst 1

was calculated from the desulfurization rate constant. The results are
shown in Table 1.
20 [0059] [Example 2]
(Regenerated catalyst)
A spent hydrotreatment catalyst which has been used for 2 years in a
hydrotreating facility for gas oil was prepared as shown in Table 1,
wherein the catalyst was obtained by supporting molybdenum and
25 cobalt as active metals on an alumina carrier, and a differential thermal

analysis was carried out in the same manner as Example 1 to calculate
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10 Exanple 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to vacuumgas oil having properties specified
in Table 1, as an oil feed stock. The results of the specific
activity are shown in Table 1. [0095] [ Conparative Exanple 4]
15(Regenerated catal yst) A spent hydrotreatnent catal yst which has
been used for 1 year in a hydrotreating facility for gas oil was

prepared as oo T, i i ebigge t S i
n’lzllh;?glglegl?ﬁ] géz,gﬁgg%alp?qfl DBOPLE aGd! T 0veS [JBFe fRd sBnt

supporting as active nefals on an al um na

carrier, an SirbAenan! | GltalyRET Wals ré8cABAYE! FoMad GRfurs €%t OB0OPT
t he same manner as Exanple 1°to calculate Ti and T2, resulting in

T1=310C and (T2+400C, fRLE10 P SAOWIY GOITAAS MR Nt thepdlsy Y§E>ta‘ﬁ‘ﬁﬁ§| a
regenerated for 4 hours at 500C (T1+190C, T2+90C) as shown in Table

1, thereby Q@@@ig}h{@i@amg@eggrat ed catalyst 8. 25[0096] (Analysis of
resi dual carbon in regenerated catal yst) The neasurenent of residual

carbgn cont §0060pEAN.Yisty oftbsidudl varbore e pegaicestedataablyst) 8. The

details of the analysis operation are the sane as descri bed above,

and the resW timeaswresitavn of nrebadiid  tarfdiD CntéiRovan Perfosned on the
regenerated catalyst) A small quantity of the regenerated catal yst 8
was powder egegerkrated SatXBist 2ndhesdetailasf the analysis eperation afbehdshaid s
of the analysis operation are the sane as descri bed above. Fromthe
anal ysi s reasldescribed abowepindth fésubtstare shpwakin Takdedi.ty (HM) of
20=about 26.5 which was attributed to a conposite oxi de CoMb04, nade
of the acti {806k} GXBDrahglydenofregederatbdicatalysthih respect to a
diffraction peak intensj tyéHa) of 20=about 1066.8 whi ch was

at t libut ed o smalhiquantiigs ofc e neganeateddcatalyst a? cubspeivdered| and ane
shown in Table 1. [0098] (Analysis of EXAFS region by subjecting

r egener at ed 2dRDaanalysisovagtieneairied eyt. Aieedetaitalof the analyisisepefatione
regenerated catal yst 8 and a,spent catalyst 15 corresponding to the
r egener at ed 2 the yamegasdescriberh above.cixom dha amadysis meswiéaderalip of a
catal ysts werﬁ tapleted to formpellet-lik O?{Z%Cts and t he XAES

anal ysis wa§l 10sapedle antsnsity {Rln)y ef 20ra e aWIGh was tbdbatade
ol cul at od 10 nreRBOPAS ORICRRIAViobl RBHIe OF iae 5t14¢ fasials Fes ybgeum
Tabils 1. [ 0859 catAaryin BegecABs i e B AR mpel Bl By TR SO b AR bt
rcgtgglng?;t teg 6 fwﬁ&ll ,Saiss i g@&gg@%{vﬁg & tciuiai.tgg a.%]::l ti‘lgecalculated
results are shown in Table 1.
[0062] (Analysis of EXAFS region by subjecting regenerated catalyst to
XAFS analysis)

20 After small quantities of the regenerated catalyst 1 and a spent catalyst
corresponding to the regenerated catalyst 1 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. Hs and Ho were

25 respectively calculated from the radial distribution curve obtained, and

the calculated results of a peak intensity ratio (Hs/Ho) are shown in
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25corresponding to the regenerated catal yst 8, and a spent catal yst
corresponding to the regenerated catal yst 8 were respectively
powdered, the powdered catal ysts were tableted to formpellet-Ilike
obj ects and the XAFS anal ysis was then carried out. The details of
the anal ysis procedure are the sane as descri bed above. A ratio of
Mb03 was cal cul ated by synthesizing the spectra of Mb03 and MbS2 from
t he S5absor ptligbie ¢dge spectrum obtai ned fromthe regenerated catal yst
8, and the calculated results are shown in Table 1. [0100]

(Hydrotreat [@063] ¢Aehlydis off XANBS repidre by éﬁ@]@étiﬁ%_r‘égén@lﬁtéd eyt

I n the sane ‘'manner as Exanple 1 except for thé conditrons as shown in
Tabl e 1 by s XAF8 an’bﬂ)yéis ction, corresponding to gas oil having
properties specified in Table 1, as an oil feed stock. The results of

the specifi Afsert smiatlyquartitidsonfi the régdierated Edtablst 2]an ubnestatalyst
Conparative Exanple 12 3 41
5 corresponding to the regenerated catalyst 2, and a spent catalyst
corresponding to the regenerated catalyst 2 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of an analysis
procedure are the same as described above. A ratio of MoQO; was
10 calculated by synthesizing the spectra of MoQ; and MoS, from the
absorption edge spectrum obtained from the regenerated catalyst 2, and
the calculated results are shown in Table 1.
[0064] (Hydrotreatment reaction)
A hydrotreatment reaction was carried out in the same manner as
15 Example 1 exéept for the conditions as shown in Table 1 by using a
fraction, corresponding to gas oil having properties specified in Table 1,
as an oil feed stock. The results of the specific activity are shown in
Table 1.
[0065] [Example 3]
20 (Regenerated catalyst)
A spent hydrofreatment catalyst which has been used for 1 year in a
hydrotreating facility of vacuum gas oil was prepared as shown in Table
1, wherein the catalyst was obtained by supporting molybdenum and
cobalt as active metals on an alumina carrier, and a differential thermal

25 analysis was carried out in the same manner as Example 1 to calculate

T1 and T2, resulting in T1=10°C and T2=460°C. Here, the spent
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hydrotreatment catalyst was regenerated for 0.5 hours at 450°C
(T1+140°C, T2-10°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 3.

[0066] (Analysis of residual carbon in regenerated catalyst)

The measurement of residual carbon content was performed on the
regenerated catalyst 3. The details of the analysis operation are the same
as described above, and the results are shown in Table 1.

[0067] (XRD analysis of fegenerated catalyst)

A small quantity of the regenerated catalyst 3 was powdered and an
XRD analysis was then carried out. The details of the analysis operation
are the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 26=about 26.5° which was attributed
to a composite oxide CoMoQ,, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 20=about
66.8° which was attributed fo alumina, was calculated and the calculated
results are shown in Table 1.

[0068] (Analysis of EXAFS region by subjecting regenerated catalyst to
XAFS analysis)

After small quantities of the regenerated catalyst 3 and a spent catalyst
corresponding to the regenerated catalyst 3 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the amalysis
procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculated results of a peak intensity ratio (Hs/Ho) are shown in

Table 1.
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Hydrotreatnment facility using catal yst Kerosene treating facility Gas
oiltreating facility Vacuumn gas on treating facility Gas oil
treating facility Kerosene treating facility Gas oil treating
facility Vacuum:, gas oil treating facility Gas oil facility
Service life (years) 2 2

[0069] (Analysis of XANES region by subjecting regenerated catalyst
to XAFS analysis)
After small quantities of the regenerated catalyst 3, an unused catalyst
corresponding to the regenerated catalyst 3, and a spent catalyst
5 corresponding to the regenerated catalyst 3 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. A ratio of MoO; was
calculated by synthesizing spectra of MoO; and MoS, from the

10 absorption edge spectrum obtained from the regenerated catalyst 3, and

the calculated results are shown in Table 1.
[0070] (Hydrotreatment reaction)
A hydrotreatment reaction was carried out in the same manner as
Example 1 except for the conditions as shown in Table 1 by using a

15 fraction, corresponding to vacuum gas oil having properties specified in
Table 1, as an oil feed stock, The results of the specific activity are
shown in Table 1.

[0071] [Example 4]
(Regenerated catalyst)

20 A spent hydrotreatment catalyst which has been used for 1 year in a
hydrotreating facility for gas oil was prepared as shown in Table 1,
wherein the catalyst was obtained by supporting molybdenum and
cobalt as active metals on an alumina carrier, and a differential thermal
analysis was carried out in the same manner as Example 1 to calculate

25 T1 and T2, resulting in T1=360°C and T2=390°C. Here, the spent
hydrotreatment catalyst was regenerated for 4 hours at 400°C
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(T1+40°C, T2+10°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 4.

[0072] (Analysis of residual carbon in regenerated catalyst)

The measurement of residual carbon content was performed on the
regenerated catalyst 4. The details of the analysis operation are the same
as described above, and the results are shown in Table 1.

[0073] (XRD analysis of regenerated catalyst)

A small quantity of the regenerated catalyst 4 was powdered and an
XRD analysis was then carried out. The details of the analysis operation
are the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 28=about 26.5° which was attributed
to a composite oxide CoMoQy, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 26=about
66.8° which was attributed to alumina, was calculated and the calculated
results are shown in Table 1.

[0074] (Analysis of EXAFS region by subjecting regenerated catalyst to
XAFS analysis)

After small quantities of the regenerated catalyst 4 and a spent catalyst
corresponding to the regenerated catalyst 4 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculation results of a peak intensity ratio (Hs/Ho) are shown in
Table 1.

[0075] (Analysis of XANES region by subjecting regenerated catalyst
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to XAFS analysis)

After small quantities of the regenerated catalyst 4, an unused catalyst
corresponding to the regenerated catalyst 4, and a spent catalyst
corresponding to the regenerated catalyst 4 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. A ratio of MoQO; was
calculated by synthesizing the spectra of MoO; and MoS; from the
absorption edge spectrum obtained from the regenerated catalyst 4, and
the calculated results are shown in Table 1.

[0076] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out in the same manner as
Example 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to gas oil having properties specified in Table 1,
as an oil feed stock. The results of the specific activity are shown in
Table 1.

[0077] [Comparative Example 1]

(Regenerated catalyst)

A spent hydrotreatment catalyst which has been used for 2 years in a
hydrotreating facility for kerosene was prepared as shown in Table 1,
wherein the catalyst was obtained by supporting molybdenum and
cobalt as active metals on an alumina cartier, and a differential thermal
analysis was carried out in the same manner as Example 1 to calculate
T1 and T2, resulting in T1=250°C and T2=310°C. Here, the spent
hydrotreatment catalyst was regenerated for 10 hours at 350°C
{T1+100°C, T2+40°C) as shown in Table I, thereby obtaining a
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regenerated catalyst 5.

[0078] (Analysis of residual carbon in regenerated catalyst)

The measurement of residual carbon content was performed on the
regenerated catalyst 5. The details of the analysis operation are the same
as described above, and the results are shown in Table 1.

[0079] (XRD analysis of regenerated catalyst)

A small quantity of the regenerated catalyst 5 was powdered and an
XRD analysis was then carried out. The details of the analysis operation
are the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 26=about 26.5° which was attributed
to a composite oxide CoMoQy, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 20=about
66.8° which was attributed to alumina, was calculated and the calculated
results are shown in Table 1.

[0080] (Analysis of EXAFS region by subjecting regenerated catalyst to
XAFS analysis)

After small quantities of the regenerated catalyst 5 and a spent catalyst
corresponding to the regenerated catalyst 5 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculated results of a peak intensity ratio (Hs/Ho) are shown in
Table 1.

[0081] (Analysis of XANES region by subjecting regenerated catalyst
to XAFS analysis)
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After small quantities of the regenerated catalyst 5, an unused catalyst
corresponding to the regenerated catalyst 5, and a spent catalyst
corresponding to the regenerated catalyst 5 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. A ratio of MoO; was
calculated by synthesizing the spectra of MoQO; and MoS; from the
absorption edge spectrum obtained from the regenerated catalyst 5, and
the calculated results are shown in Table 1.

[0082] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out in the same manner as
Example 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to kerosene having properties specified in Table
1, as an oil feed stock. The results of the specific activity are shown in
Table 1.

[0083] [Comparative Example 2]

(Regenerated catalyst)

A spent hydrotreatment catalyst which has been used for 2 years in a
hydrotreating facility for gas oil was prepared as shown in Table 1,
wherein the catalyst was obtained by supporting molybdenum and
cobalt as active metals on an alumina carrier, and a differential thermal
analysis was catried out in the same manner as Example 1 to calculate
T1 and T2, resulting in T1=310°C and T2=410°C. Here, the spent
hydrotreatment catalyst was regenerated for 5 hours at 200°C
(T1-110°C, T2-210°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 6. |
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(T1+100) (12+40) 200 (11-110) (12-210) 400 (11-40) (12-100) 500
(T1+190) (12+90) Regeneration time (h) 4 4 0.5 4 105 4 4

[0084] (Analysis of residual carbon in regenerated catalyst)
The measurement of residual carbon content was performed on the
regenerated catalyst 6. The details of the analysis operation are the same
as described above, and results are shown in Table 1.
5 [0085] (XRD analysis of regenerated catalyst)
A small quantity of the regenerated catalyst 6 was powdered and an
XRD analysis was then carried out. Details of the analysis operation are
the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 26=about 26.5° which was attributed
10 to a composite oxide CoMoO,, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 26=about
66.8° which was atiributed to alumina, was calculated and the calculated
results are shown in Table 1.
[0086] (Analysis of EXAFS region by subjecting regenerated catalyst to
15 XAFS analysis)
After small quantities of the regenerated catalyst 6 and a spent catalyst
corresponding to the regenerated catalyst 6 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
20 procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculated results of a peak intensity ratio (Hs/Ho) are shown in
Table 1. 7
[0087] (Analysis of XANES region by subjecting regenerated catalyst
25 to XAFS analysis)

After small quantities of the regenerated catalyst 6, an unused catalyst
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corresponding to the regenerated catalyst 6, and a spent catalyst
corresponding to the regenerated catalyst 6 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. A ratio of MoO; was
calculated by synthesizing the spectra of MoO; and MoS, from the
absorption edge spectrum obtained from the regenerated catalyst 6, and
the calculated results are shown in Table 1.

[0088] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out in the same manner as
Example 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to gas oil having properties specified in Table 1,
as an oil feed stock. The results of the specific activity are shown in
Table 1.

[0089] [Comparative Example 3]

(Regenerated catalyst)

A spent hydrotreatment catalyst which has been used for 1 year in a
hydrotreating facility for vacuum gas oil was prepared as shown in
Table 1, wherein the catalyst was obtained by supporting molybdenum
and cobalt as active metals on an alumina carrier, and a differential
thermal analysis was carried out in the same manner as Example 1 to
calculate T1 and T2, resulting in T1=440°C and T2=500°C. Here, the
spent hydrotreatment catalyst was regenerated for 4 hours at 400°C
(T1-40°C, T2-1006°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 7.

[0090] (Analysis of residual carbon in regenerated catalyst)
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boiling point C C 152 231 274 231 152 231 274

The measurement of residual carbon content was performed on the
regenerated catalyst 7. The details of the analysis operation are the same
as described above, and the results are shown in Table 1.

[0091] (XRD analysis of regenerated catalyst)

A small quantity of the regenerated catalyst 7 was powdered and an
XRD analysis was then carried cut. The details of the analysis operation
are the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 26=about 26.5° which was attributed
to a composite oxide CoMoO,, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 26=about
66.8° which was attributed to alumina, was calculated and the calculated
results are shown in Table 1.

[0092] (Analysis of EXAFS region by subjecting regenerated catalyst to
XAFS analysis)

After small quantities of the regenerated catalyst 7 and a spent catalyst
corresponding to the regenerated catalyst 7 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculated results of a peak intensity ratio (Hs/Ho) are shown in
Table 1.

[0093] (Analysis of XANES region by subjecting regenerated catalyst
to XAFS analysis)

After small quantities of the regenerated catalyst 7, an unused catalyst

corresponding to the regenerated catalyst 7, and a spent catalyst
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corresponding to the regenerated catalyst 7 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. A ratio of MoO; was
calculated by synthesizing the spectra of MoQO; and MoS; from the
absorption edge spectrum obtained from the regenerated catalyst 7, and
the calculated results are shown in Table 1.

[0094] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out in the same manner as
Example 1 except for the conditions as shown in Table 1 by using a
fraction, corresponding to vacuum gas oil having properties specified in
Table 1, as an oil feed stock. The results of the specific activity are
shown in Table 1.

[0095] [Comparative Example 4]

(Regenerated catalyst)

A spent hydrotreatment catalyst which has been used for 1 year in a
hydrotreating facility for gas oil was prepared as shown in Table 1,
wherein the catalyst was obtained by supporting molybdenum and
cobalt as active metals on an alumina carrier, and a differential thermal
analysis was carried out in the same manner as Example 1 to calculate
T1 and T2, resulting in T1=310°C and T2=410°C. Here, the spent
hydrotreatment catalyst was regenerated for 4 hours at 500°C
(T1+190°C, T2+90°C) as shown in Table 1, thereby obtaining a
regenerated catalyst 8.

[0096] (Analysis of residual carbon in regenerated catalyst)

The measurement of residual carbon content was performed on the
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regenerated catalyst 8. The details of the analysis operation are the same
as described above, and the results are shown in Table 1.

[0097] (XRD analysis of regenerated catalyst)

A small quantity of the regenerated catalyst 8 was powdered and an
XRD analysis was then carried out. The details of the analysis operation
are the same as described above. From the analysis results, a ratio of a
diffraction peak intensity (Hm) of 26=about 26.5° which was attributed
to a composite oxide CoMoQOy, made of the active metals molybdenum
and cobalt, with respect to a diffraction peak intensity (Ha) of 26=about
66.8° which was attributed to alumina, was calculated and the calculated
results are shown in Table 1.

[0098] (Analysis of EXAF S region by subjecting regenerated catalyst to
XAFS analysis)

After small quantities of the regenerated catalyst 8 and a spent catalyst
corresponding to the regenerated catalyst 8 were respectively powdered,
the powdered catalysts were tableted to form pellet-like objects and the
XAFS analysis was then carried out. The details of the analysis
procedure are the same as described above. Hs and Ho were
respectively calculated from the radial distribution curve obtained, and
the calculated results of a peak intensity ratio (Hs/Ho) are shown in
Table 1. _‘
[0099] (Analysis of XANES region by subjecting regenerated catalyst
to XAFS analysis)

After small quantities of the regenerated catalyst 8, an unused catalyst
corresponding to the regenerated catalyst 8, and a spent catalyst

corresponding to the regenerated catalyst 8 were respectively powdered,
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111 Hydrogen/oil ratio (SCF/ BBL) 700 1000 3000 1000 700 1000 3000
1000 Reaction tenperature C C) 300 380 380 380 300 380

the powdered catalysts were tableted to form pellet-like objects and the

XAFS analysis was then carried out. The details of the analysis

procedure are the same as described above. A ratio of MoQO; was

calculated by synthesizing the spectra of MoQ; and MoS, from the

5 absorption edge spectrum obtained from the regenerated catalyst 8, and

the calculated results are shown in Table 1.

[0100] (Hydrotreatment reaction)

A hydrotreatment reaction was carried out in the same manner as

Example 1 except for the conditions as shown in Table 1 by using a
10 fraction, corresponding to gas oil having properties specified in Table 1,

as an oil feed stock. The results of the specific activity are shown in

Table 1.

[Table 1]
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380 380 Specific Activity (Relative val ue assum ng unused catalyst is
1) 0.966 0.978 0.960 0.935 0.898 0.880 0.873 0.853 [0101] Fromthe
results of Table 1, it is found that as the residual carbon content,
and the results of XRD analysis and XAF' S analysis fall within an
appl i cabl e range, the regenerated catal yst of the present invention
has_ ar actTvityof —about—939%or 11O e A arite ?I at ve iufbk%ﬂagét1 I
activijty of an 5 unused catallyst—ixampres;t o O thepohtrary T
as il lfustrated T n Conparati vg GXaMpl g5 O 14, 84 RIL AVreE Y€ WTEM ErITE R,
. Catal . 9 : el 8 . . . g
of the anal ysis rtf’éfrf’i?’:dew at €8atdy:QRalaRe2 BRIV @Rk E4 c@fkgﬁj, cekal)® 5 | Catalyst 7 | Catalyst 8
regenegratled catal yst has an detlvity, of [abaus {900 of T esg as al veuwm [ .
rel atifve lval ué”dﬁgezﬁgn:fyge't‘# vity Qﬂ?:én t,ljia?ﬂ&s e @ el aéemég , f,a?a,ff tbS, Ezrﬂg“ tr:t?,:g
activijty |is signiticantly | overssty 1f§)=intyCL5§§;}i{Z$ [ sliien |miaklity | faciliy L0 | faciity
regengratled hydiedkrireairent cdt akyST regenenat ¢d jrom a hydrptreatment 4
cat al ysi |f OResifurl esitton qagenamppeXd r dl e16m {r ast ijonio t e olydr odweat ment| oo 0.08
cat al yst b%!aaﬂ'ﬂte%fwergi@ﬁﬁﬂa J?)(RDSUpQﬁ?t nges0l yldenumand ap, llegss png,, 1.5
speci ¢s delected fromiron, dobalt]and nickel [on anl i norganic carrier
cont ai| ni rjg amak3dtensiey natpms/Oxdtde, vgqgrei Bas A TSS1 fugl, clarlgnicontept, S| 404
in the rgng&*sE rafp! dsyibyiiprcsmn 1 3. : ' : ' ' i
Moy ratio (%) of
XANES absorption edge spestrum 93 81 %0 % o4 70 89 100
- T1( C) 250 260 310 360 250 310 440 310
g g T2 (" C} 400 410 460 390 310 410 500 410
E% Temperature of regeneration process 330 300 450 400 350 200 400 500
g5 C Q) (T1+100) | (T1+40) | (T1+140) | (T1+40) | {T1+100) [ (T1-110) | (T1-40} | (T1+190)
&° (T2-50) [(T2-110) | (T2-10) | (T2+10) | (T2+40) |(T2-210) | (T2~100) | (T2+30)
Regeneration time (h) 4 4 0.5 4 10 5 4 4
Name of Qil feed | Oil feed | Oil feed | Oil feed | Oil feed | Oll feed | Oil feed | Cil feed
Oil feed stock stoek 1 stock 2 | stockd | stock2 | stock 1 stock 2 | stock 3 | stock 2
g § Density (kg/m>) 799.4 8515 923.8 851.6 789.4 851.8 523.6 851.6
g i Tnitlal E’(‘Zi"g’; point | 459 231 274 231 152 231 274 231
S & ——
2 5 Final baliogpoint | 270 378 635 376 270 a76 635 376
E
] Sulfur component
8 P 0.25 1.18 2.16 118 0.25 1.18 2.16 1.18
.‘g Hydrogen partial pressure {MPa) 3 6 5 6 3 3 8 6
£ LHSV (h) 2 1 1 1 2 1 1 1
Hydregen/oil ratio (SCF/BBL) 700 1000 3000 1000 700 1000 3000 1000
Reaction temperature (° ©) 300 380 380 380 300 380 380 380
Specific Activity
(Relative value assuming unused catalyst is 1) 0.966 0,978 0.960 0.935 0.898 0.380 0.873 0,853
[0101] From the results of Table 1, it is found that as the residual carbon
content, and the results of XRD analysis and XAFS analysis fall within
an applicable range, the regenerated catalyst of the present invention has
an activity of about 93% or more as a relative value to an activity of an
5 unused catalyst (Examples 1 to 4). On the contrary, as illustrated in
Comparative Examples 5 to 8, in any case where one of the analysis
items deviates from the applicable range, the regenerated catalyst has an
activity of about 90% or less as a relative value to an activity of an
unused catalyst, and thus, the activity is significantly lowered.
10
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mass% a peak intensity of a. nolybdenum conposite netal oxide
of 20=26.54 with respect to a peak intensity of Al 203 of 20=66.82* is
in the range of 0.60 to 1.10 in an X-Ray diffraction spectrum and

a value of Hs/Ho is in the range of 0.10 to 0.60, when a peak derived
froman Md-S bond which is attributed to residual sulk is denoted as
a maximumintensity point Hs of the interatom c di stance of 0.20

nnD. 01, and a base peak is denoted as a maximumintensity point Ho of
the interatom c distance of 0.13 nnD.01 derived froman M-0 bond, in
an EXAFS radial distribution curve obtained by Fourier transfonnation
of an extende%giggﬁz'absorption fine structure spectrumof an X-ray
absorption fi cture analysis. [Caim 2] A regenerat ed
hydrotreatnegékﬁﬁ{gLyst regenerated froma hydrotreat nent catal yst
for treating®a pe | eum fraction, the hydrotreatnent catal yst being

o s M i, 360 AR 3
0. 15 massn (o SARAEELH Safatiue By RLRRE SOV oty GhATnEn e Of
A 203 of - 200REeResBh oHASE e bichal P B Shob S ARIhARERT ah ©
diffraction sipleasota spuries selected Foth b eodRPani bl dhead ﬁﬂ%g%lﬁf:an

77%to 99%in an X-ray absorption near-edge structure spectru

X-ray absor ptdmier thniaisinpunt slueianal ygide, whetaim 3] A met hod of
manuf acturing a petrol eum product, wherein hydrotreatnment of a

petrol eum fract i ord tesigealf carben comiterg ishia thegengs afedl] Hydaals aat3ent
catal yst according to claim1 or 2. [Caim4] The met hod
accordi ng t dn@fsfom 3, wherein conditions of the hydrotreatnent of the

petrol eum fraction ar;{a hydg.oge partigl pressure in the range of 3
to 13 MPa, LHSV i PREX Apkgsiiyt ob spsnalybdemun compesits sretak wpadeofir
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fraction use rﬁgg%gﬂrg%?fg@e@ gﬁg&.&l R*Ray diffraction spé)c%mm, an

a value of Hs/Ho is in the range of 0.10 to 0.60, when a peak

0

derived from an Mo-S bond which is atfributed to residual sulfur is
denoted as a maximum intensity point Hs of the interatomic distance of
0.20 nm=+0.01, and a base peak is denoted as a maximum intensity point
Ho of the interatomic distance of 0.13 nm:£0.01 derived from an Mo-O
bond, in an BXAFS radial distribution curve obtained by Fourier
transformation of an extended X-ray absorption fine structure spectrum
of an X-ray absorption fine structure analysis.
[Claim 2]

A regenerated hydrotreatment catalyst regenerated from a
hydrotreatment catalyst for freating a petroleum fraction, the
hydrotreatment catalyst being prepared by supporting molybdenum and
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at least one species selected from iron, cobalt and nickel on an inorganic
carrier containing an aluminum oxide, wherein,

a residual carbon content is in the range of 0.15 mass% to 3.0
mass%b,

a peak infensity of a molybdenum composite metal oxide of
20=26.5+2° with respect to a peak intensity of AL,O; of 26=66.8+2° is
in the range 0f0.60 to 1.10 in an X-Ray diffiaction spectrum, and

a ratio of MoQ; is in the range of 77% to 99% in an X-ray
absorption near-edge structure spectrum of an X-ray absorption fine
structure analysis.

[Claim 3]

A method of manufacturing a petroleum product, wherein
hydrotreatment of a petroleum fraction is performed using the
regenerated hydrotreatment catalyst according to claim 1 or 2.

[Claim 4]

‘The method according to claim 3, wherein conditions of the
hydrotreatment of the petroleum fraction are a hydrogen partial pressure
in the range of 3 to 13 MPa, LHSV in the range of 0.05 to 5 b\, a
reaction temperature in the range of 200°C to 410°C, a hydrogen/oil
ratio in the range of 100 to 8,000 SCEF/BBL, and a distillation
temperature in the range of 130°C to 700°C measured by a distillation

test of the petroleum fraction used as an oil feed stock.
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